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am n very ſenſi Ze how difficult a as it is to write 
© wvell upon the ſcience of Aſtronomy ; by reaſon the 
ſubjee is ſo comprehenſive, and conſiſts of ſo many parts, 
and is connected with ſo many other ſciences, which it 
requires the perfect knowledge f; and beſides, is a 
work of ſo much time, that a man had need have the 
life of a Mathuſalem, to go thro* the whole of it. 
Ebbe periods even of ſome of the planets are ſo long, 
I bat they perform but @ few of them in @ man's life- 
lime. And much more are thoſe of the comets, ſeveral 
of them being many hundred years in performing one re- 

volution. Whence, it comes that moſt of their periodi= _. 
cal times, and the poſition of their orbits, are unknown 
to us. Aud even the moon ſo near hand us, is affected 
with ſuch variable motions, that they cannot be exatHy 
accounted for to this day. 

That Aſtronomy was one of the br ft ſciences that 
men ſtudied, is plain from the nature of the thing. For 
as it is neceſſary for people to know how: time paſſes 
away, it would be natural for them to enquire into the 
lengths of monthy and years. The firſt thing that of- 
fers itſelf to our ſenſes, is the ſun's diurnal motion, by 

which he ſeems to move from ea 76 to weſt, returning io 
the eaſt again in 24 bours. next thing 1s his an- 
nual motion, by which be advances northerly and 
ſoutherly, making the days longer and ſhorter, and 
2 * the {jews of the year. Theſe are 


far. 


r - 

fundamental meaſures of time, and therefore it was 
natural or rather unavoidable to take notice of them, 
and to make proper obſervations thereof, for ſetting out 
the length of the year, and to divide it into its-proper 
- ſeaſons ;, which were neceſſary ta be known, as men had 


different ſorts of work to perform at different ſeaſons 
of the year. . 


Nothing could be more eaſy for them, than to ob- 


ſerve the increaſe and decreaſe of the ſhadows upon the 
ſurface of the earth, according to the different alti- 
tudes of the ſun, at different times of the year, Whence 
by marking the extremity thereof, it would be wery 
eaſy, within a few days, io ſee when the ſhadow came 
again to the ſame point. The only difficulty would be, 
to keep & true account of the days. But this they 
would ſoon learn to do, by a few trials. So I do not 
doubt, but the length of the year would ſoon be deter- 
mined, which a fety years experience would teach them 
to do, near the truth. By the ſame means the moon's 
motion, or the length of the month would be ſound; 
__ wwhich would affift them in finding the length of the year 
more exattly. And thus one thing after another would 
be found out, ſo far as they could be any way uſeful in 
theſe times. It is true, the ſcience of Aftronomy could 
be carried to no great length for want of letters, and 
the knowleage of other arts. 1 0 
In all ages, as far as hiſtory reaches, the moſt learn- 
ed and eminent men in all countries have been encou- 
ragers and promoters of Aſtronomy; and by general 
conſent, it has always been accounted the nobleſt of the 
ſciences, as it has no leſs than the whole world for its 
object. It has been ſtudied by kings and princes, and 
a great deal of time has been ſpent in cultivating this 
ſcience; in which a few of the laſt ages have done 
more, and brought it further to perfection, than all 
the ages of the world that went before, 
I is reported, that the Baby lonians had 700 years ob- 
ſervations engraven upon bricks; and that when Alex- 
> | ander 
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ander took Babylon, he cauſed almoſt two thouſand years 
aſtronomical obſervations to be carried away ;, which if 
true, is ſuch a period of time, and ſuch a fund of ob- 
ſervations, as we have not the like to ſpew at this 
time. But theſe coming into the hands of idle, care- 
leſs, and tyrannical people, were moſt of them loft, 
and afironomers, had to begin again, ſo arts and ſci- 
ences, as well as the ſtars, have their periods, their 
ſtations and reirogradations. 

Joſephus writes, that Seth, or his nephews, firſt 
obſerved the order of the heavens, and the courſes of 
the ſtars. And it is ſaid Neptune was the firſt ſailor, 
and guided his ſhip in the night by the ſtars; and for 


His great ſkill was called the God of the Sea. His ſon © 


Belus was an aſtronomer, and inſtituted colleges of a- 
ſtronomers. Job was acquainted with the aſtronomy 
of theſe times; for be more than once mentions the 
conſtellations of Ar&urus, Orion, and tbe Pleiades. 
The Egyptians learned from the Edomites aſtrono- 
my and navigation. For the Edomites uſed to make 
long voyages upon the Red Sea, for the ſake of merchan- 

difi ing. And when they were conquered by David, they 

fled into Egypt, and to the coaſts of the Mediterrane- 
an, and to the Perſian Gulf. They afterwards be- 
gan thelike voyages upon the Mediterranean. Their 
year was the luniſolar year derived from Noah, and at 
that time conſiſted of 360 days. By the beliacal rife 
ings and ſettings of the ſtars, they found the year to 
conſiſt of 365 days, therefore they added g days to the 
old year. This was in the reign of Ammon. After- 
wards they formed the ſtars into conſtellations ; and 
alſo made obſervations of the Planets, which they call. 
ed after their gods. + 

When the Ethiopians invaded Ea the Egyp- 

tians that fled to Babylon, carried with them the E- 
gyptian year of 365 days, and the art of Aſtronomy, . 
and founded the æra of Nabonnaflar.. The practice of 


„er vi ng the ftars, was carried into other countries; 


Ag the 


[= 
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the Greeks bad all their aſtronomical learning from 


Egypt. Then Atlas formed the ſphere of the Ly- + 
 bians, and Chiron that of ihe Greeks, and the 
Chaldeans another ſphere for their own uſe. | 

After the art of Aſtronomy was carried to Greece; 
Thales, Pythagoras, and Eudoxus, went thither to 
Je inſtruted therein. Thales, who lived 580 years 
before Chriſt, began to obſerve the ſolſtices and equi- 


- nofiial points; and firſt of any body predicted eclipſes. 


He predicted a total eclipſe of the ſun 585 years before 
Chriſt, which happened May 28. And another eclipſe 
of the moon. Pythagoras had the true ſyſtem of the 
world from the Egyptian priefts, which was after- 
wards laid afide for another ſyſtem invented by Ptole- 
my, 70 years after Chriſt, and from thence called 
the Ptolemaic Syſtem. This continued in vogue till 


Copernicus revived the Pythagorean ſyſtem in 1515, or 


 thereabouts. Eudoxus, in deſcribing the ſphere, plac- 
ed the ſolftices and equinoxes in the middles of the 
conſtellations, Aries, Cancer, Libra, and Caprt- 
Corn. 9 9 8 7 eo, 
In the following ages Aftronomy began to improve 
. pace. Tycho Brahe, 'a Daniſh Nobleman and a 
great aſtronomer, furniſhed an obſervatory with proper 
inſtruments, made obſervations of the ſtars, and pub- 
liſhed a catalogue of the places of 770 flars. Ke- 
plar, @ German aſtronomer, diſcovered the orbits of 
the planets to be ellipſes, with the ſun in the focus; 
and found out the true laws of their motions. Gali- 
leus, an Italian philoſopher, by the help of teleſcopes, 
_ diſcovered the ſatellites of Jupiter and Saturn, the 
ring e Saturn, &c. Hevelius publiſhed a larger ca- 
talogue of ſtars than Tyeho's. Aud Mr. Flamſteed 
publiſbed a catalogue containing three thouſand ftars. 
And ſeveral others made valuable additions to this 
ſcience. But the true theory of the planetary motions 
was ſtill wanting, till Sir J. Newton publiſhed his 
Principia; whereis be has demonſtrated, from the 
LES 9 5 | laws 


THE PREF ACK: 
laws of motion, not only the true figures of the orbits 
of the planets, but that the irregular motions of the 

ſatellites, are conformable to the laws of gravity. A. 
_ greeable to theſe principles, Dr. Halley compoſed a ſet 
of tables, for all the planets and ſatellites, printed 

But lately; which is the only entire ſet of tables that 
JJ ' 
' The ancients had ſome notion of the celeſtial bodies 
ęgravitating towards one another. Thus Lucretius 
L. JV. thinks the world to be inſinite; for otherwiſe, 
ſays be, the bodies that are on the outſide, would by 
their gravity, ie drawn towards thoſe on the inſide; 
and would long ſince have all met together in a heap in 
the middle. Yet they knew nothing of the law by 
which they were moved. And very likely they might 
think that gravily was the ſame at all diſtances z 
aud it was very natural for them to think ſo, as this 
ig the ſimpleſt ſuppe/ition that can be made. _ 
No ſcience is converſant with objects more nume- 
rous, greater, or more glorious, or at ſuch great diſ- 
tances; being for any thing we know diſperſed thro 
infinite ſpace. Their motions being the principal thing 
to be conſidered, aſtronomers can by their art, determine 
how great their motions are, how far they go off, and 
Homo near they approach in their return; the times they 
take up in going and returning, the laws of their mo- 
tions, and the forces of gravity in the ſeveral parts 
of their orbits. The grand law which obtains in be 
whole ſyſtem is this, that every part of matter at- 
traits and is attracted, direftly as the attracting mat- 
ter, and reciprocally as the ſquare of the diſtance. This 
law is the bond of nature, it keeps the planets and 
comets within their proper. limits, and hinders them 
from running into other ſyſtems. And bence it comes, 
that the revolutions of the planets are performed with 
fuch exatineſs and regularity. round the ſun, which is 
their common center of motisss. 


"A. By 
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| By this art aſtronomers can tell, for many years to 
come, the eclipſes of the ſun and moon, their quanti- 
ties and durations, allo the moon's full and change, 
the aſpects of all the planets, their latitudes and * | 
. clinations at any time propoſed. 
By tbe belp of Aſtronomy, our navigation is improv- : 
ed, and by this means trade and commerce is carried 
on. For by having the moon's true place, the longi- 
tude of a ſhip at ſea, or of any place at land may be 
found; which is à material point in geography. All _ 
chronology is founded upon it, without which we could 

bave no certain account of hiſtory. | 
By the wonderful diſcgveries made in this ſcience, 
we can comprehend the vaſt extent of the univerſe, 
and the amazing beauty f its ſtrufture ; which gives 
us a grand and magnificent notion of the world and 
all its parts; at the ſame time that we ſee the earth 
- which we inbabit, is but a poor, ſmall, trifung Pert 
of the whole. 

By improving the theory, the art itſelf is brought 
t greater perfection, beyond what obſervations alone 
could do. For by this means we can make a better 
 wleof alen, than if we had nothing elſe to di- 
rect us. 
If Alronomy i is fo much efteemed for the great ad- 
 vantages we receive by it; it is no leſs entertaining 
to the curious, by, making us underſtand. the ſyſtem of 
the world, and the proportion, ſymetry and harmony 
F the ſeveral parts. For what is more delightful 

than to fee ſo many great and glorious bodies, at im- 


menſe diſtances, performing their ſeveral revoluti ons, in 
their due and ſtated times. 


This likewiſe, of all things, gives us the juſteft no- 
tions of the wiſdom and power f the Deity; that 

can form ſuch 4 vaſt ſyſtem,: and continue it in mo- 
tion for ſo many ages. For tho the mere laws of 


gravity are ſufficient to keep it going, when once put 
into motion; yet mere mechanical laws could never 


give 
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give it thoſe And motions at firſt; there wants 
a firſt mover to do this. All theſe motions being ſo 
nicely adjuſted to one another, ſhew that they were all 
originally contrived and executed by ſome powerful be- 
ing, atling with council and deſign, which demonſtrates 
2 profound ſkill of the great architect. 

A great deal of time and pains have been ſpent in 
* out the trne ſyſtem of the world, or ſuch an 
hypotheſis as could account for all the phenomena. And 

various ſyſtems have appeared at different times, each 
| of which could account for ſome particulars. ' But it 
is found at laſt that none of them could account for 
all of them, but the Copernican hypotheſis. The Co- 
pernican ſyſtem then is the true ſyſtem. From hence 
the motions of the heavenly bodies, and their cauſes, are © 
perfectiy underſtood ; and by which all their appear- 
ances. may be demonſtrated. And the filtuations of ali 
the Jars are better known, than the ſituations of a 
great many places on the earth are. For to find their 
latitude and longitude exalily, we muſt be beholden to 
aſtronomical obſervations. © 

Althe* great advances in Aſtronomy have been made 
from time to time; yet in ſuch a vaſt ſubjef, it is no 
wonder if ſome things be ſtill wanting. The moon's 
motions are ſo irregular, and ſo infinitely diverſified, 
that no theory of her motions has yet been found, but 
it will vary in a few years, and differ from the ob- 
ſervations. It is a work of great labour to reduce 
all ber motions to certain rules, and compoſe tables 
thereof. Which, when they are made, muſt be prov- 
ed, by a great number of obſervations before they can 
paſs, without which they are not to be depended on. 

Jt would be much for the eaſe of calculation, if 

the ſexagenary account was laid aſide, and the decimal 
one ſubſtituted i in its room. For there are ſo many re- 
ductions in the one, that make it exceeding tedious, 
0b > are entirely OE: in the other. But that ty- 


rant 
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rant Cuſtom has already got poſſeſſion of the former, 


| and is likely to keep it. = q 
As io this book, the defign is the ſame as in the 


former volumes; and that is, to lay down the princi- 
| ples of Aſtronomy, in as ſhort a compaſs as I could, 
10 make it intelligible ;' and to ſhew the manner of cal- 
culating ſome of the principal aſtronomical problems; 
omitting things of leſſer moment, to keep the book with- 


in due bounds, ſuitable to the other parts of the Curſus. 


This is a ſubjeti of ſo great ſcope aud extent, that to 


tate in all things belonging thereto, would fill a very 


{ 

e 

ſ 
* 
N 

| 

| 

| 


large volume. But if the reader underſtand the more 
difficult matters, he cannot fail getting thro' the egſler. 
To this end, I have deſcribed the ſyſtem of the world 
and all its parts; ihe metions of the planets aud their 
periods. Then you have the principal aſtronomical 
Problems, ſolved by ſpherical trigonometi) and by the 

globes. Then 1 bave given the elementary part of A. 
 Sronomy, being what depends upon obſervations. Then 
the theory of the primary planets. The theory of the 
moon and ſatellites, and 4 the calculation of eclipſes. 
] bave no room bere for aſtronomical tables, I have 
made uſe of Dr. Halley's, which is ſufficient for ſhew- 


ing the learner the method of working. But I cannot © 


be anfwerable for the truth of theſe or any other ta- 
bles. Tt is ſufficient to fhew the method of working. 
For if the reader knows how to work with one ſet of 
tables, it will be equally eaſy for him to work with any 
other ſet, "which he ſhall think botter and more exact, 
men better can be bad, | 
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457 R 0 No M Y is the ſcience which treats of 
the motions of the heavenly bodies, and all the 
phœenomena ariſing t therefrom. 


D E F. II. 
A Syſtem is a particular diſpoſition or tutte of 
the ſtars and planets among one another, and the 
particular motions they are ſuppoſed to have, 1 ac- 
W to ſuch or ſuch an S 


Fi ixt Stars are thoſe chat! never change their plac 
or r ſituations among one another, N 


D E F. IV. 


Planets are thoſe ſtars that Sang their places, 
and move © round ſome center. | 


1 8 0 


bs 


1 are thoſe ſmall ſtars thak move round | - 
the larger e, e 
| 78 D E F. VI. | 


Comin are a ſort of ſtars — appear but gl 
times, and move off to a great diſtance, and n. 
d⁊t laſt en and remain ſo a W time. | 


D E F. vn. 


An Eclipſe i is a real or apparent PEWTER of 
light from the whole or part. of a A EC. 
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the world. 


=_ -- ANY Ipod have eeformed 3 
= ingthemotionsandap 22 of the heavenly 
[mn and every hypotheſis: that ever was framed, 
could account for ſome or other of them; but ſince 
== at that time men were ignorant of the laws of mo- 
* | _ it could not be expected that they could hit 
= i n the true ſyſtem, or ſuch a one as could ex- 

f in all the phenomena. And moreover ſince the 
uſe of teleſco es, numerous other phœnomena have 
offered elves, which were quite unknown be- 
fore ; from whence it followed that almoſt all theſe 
hypotheſes fell ſhort in accounting for them; and 
therefore ſuch hypotheſes could not be true. While 
these things were thus diſputable, and one contend- 
eg for one hypotheſis, and another for another, Sir 
Iſaac Newton laid down the laws of nature and mo- 
ion, and comparing alt the phœnomena in the 
eavens, he found out the true fyſtem of the world, 


| and demonſtrated by unanfperable De rs that 


«a EY mn * it 5 
"of | 1 


it could not poſſibly be any otherwiſe without the Fig; 


utter ſubverſion of all the laws of nature. The 


true mechanical principles, is that which follows. 
1. In this glorious ſyſtem, the ſun is placed neat- 


ly immovable in the center of the orbits of alk the 


planets, and in theſe orbits they move found the 


lun, each in its periodic time. The fun as has 


been faid keeps always in or near the ſame place; 
but has a rotation round its axis from weſt to e 


in about 25 days. The orbits of all the planets 


are nearly circular, having the fun for their centers 


dauꝛt in ſtrictneſs they are ellipſes, having the ſun in 
the focus of each of them. Theſe orbits are not 


_all in one plane, and yet do not vary A great deal; 


they interſe& one another in lines that thro? 


the center of the ſun, the places of the orbits where 
they interſect are called the Vodes. All the planets 
move round the ſun the ſame way, which is from 


true ſyſtem founded upon the laws of nature, and 


9 
1. 


weſt to eaſt. And their diſtances from the ſun ane 


nearly as repreſented in the figure. Let S be the 


Sun, M Mercury, V Venus, E the Earth, N Mars, 
J Jupiter, and R Saturn; and their diſtances from 


the ſun are as follow, the diſtance of Mercury from 


the ſun is 4, of Venus 7, of the earth 10, of Mats 
13, of Jupiter 52, and of Saturn 93, of equal 
parts of a right line. Alſo the periodic time, or 
the time of a revolution of each planet in its orbit 
is as follows, Mercury revolves in 3 months, Venus 
in 7 4 months, the Earth in a year, Mars in 2 years, 
Jupiter in 12 years, and Saturn in 30 years; fo 
that in this ſyſtem the earth is one of the planets. 

2. Beſides theſe which are called primary pla- 
nets; three of them have others likewiſe revoly- 
ing about them; all which likewiſe revolve from 


weſt to eaſt; theſe are called Secondary Planets or 


Satellites. The earth E has one I called the Moon, 
which revolves in 27 + days. Jupiter I has. 4. of 
24 b4 "EM 0 
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1. 


r en er 
Fig. theſe moons or Satellites, and Saturn R has g of 


them. Nobody ever had the leaſt knowledge of 
theſe Satellites of Jupiter and Saturn, till the inven- 


tion of teleſcopes. The diſtances of theſe Satel- 


lites from their reſpective primary planets are as 


follows; the moon from the earth is diſtant 60 of 


Jupiter, are diſtant from Jupiter, 3, 8, 12, 23, of 


the earth's ſemidiameters. The four Satellites of 


Jupiter's ſemidiameters ; and their periodic times 


are 14, 32, 7, 16+ days reſpectively. Likewiſe 


the diſtances of Saturn's 5 Satellites from Saturn, 
are 2, 24, 32, 8, and 24 ſemidiameters of Saturn's 
ring. And their periodic times are 2, 24, 42, 16, 
79x days reſpectively. All theſe meaſures are on- 
ly taken in round numbers. | 118 


38 . Befides the planets and their Satellites, there 


is another ſort of bodies revolving about the ſun, 


which only appear ſometimes, theſe are the Comets; 
and they move either in very long ellipſes, which 


run to an immenſe” diſtance from the ſun; or in 
parabolic curves, and then they never return. Theſe 
move in all manner of directions round the fun; 
ſome the ſame way as the planets, and ſome the 


contrary way, they cut the plane of the earth's or- 
bit, in all ſorts of angles, ſome greater and ſome 

leſſer. And ſome of theſe bodies are ſeveral hun- 
dred years in making a revolution; and therefore 
the periodic times of few of them are known. Nor 


can their number be determined for want of a 
proper ſeries of obſervations. There has not been 


above forty of theſe bodies obſerved; and of theſe 


ſome may happen to be the ſame, coming about 


again. They are diſtinguiſhed from other ſtars, 


by a luminous ſtream of light which they emit 


(called the tail), when they come near the ſun. - 


4. The: inclination of the orbits of the planets = 


to the plane of the earth's orbit are as follows; 
| che orbit of Mercury 7 degrees, of Venus 32; of 


Mars 


: % f 
"4 


* 


f 
rs 


and © the Earth. + 


the ſun is half a degree, this would make the fan's 
„diameter 15 times as big as the earth's ; but the 
ſun's parallax is no ſuch thing, for it is founding 
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Mars 2, of Jupiter 13, and of Saturn 24 degrees Fig 


| Whence their inclinations: are ſo ſmall, that they 1. 
are almoſt coincident. The characters of the celet>: 


tial bodies are, © the Sun, D the Moon, . Mer- 
cury, 2 Venus, 4 Mars, u Jupiter, * Saturn; 

| Sta inn I! — 91 of: 
5. The fixed ſtars are at an immenſe diſtances: 
for by the niceſt. obſervations, they have no annual 


- parallax that is ſenſible; that is, they appear to the 


earth when on different ſides of its orbit to he ex- 
actly in the ſame places; and therefore the earth's; / 
orbit ſeen. from a fixed ſtar, will appear only as a 


point. Conſequently, the fixed ſtars, all ſnine with 

their own native light. For it would be impoſſible: - 
for light, tranſmitted from the ſun to them, even 
to be viſible, for it would be infinitely weak at that 


immenſe dliſtan ee. 1 od ane ib 
7. Tho' the diſtance of the ſun is almoſt nothing 
in reſpect of that of the fixed ſtars, yet it is immenſe» 
ly great, in reſpect of the moon's, diſtance. Fas 


the ſun's diurnal parallax is © ſmall, that is, the 


apparent ſemidiameter of the earth ſeen from the 
ſun, is ſo ſmall, that no inſtruments could be ſe 
exactly made as to find it. And hence the ſun's 

magnitude is vaſtly greater than the earth's. For 
ſuppoſing the ſun's parallax. to amount, totas much 
as a minute, then ſince the apparent diameter og 


to exceed 10 ſeconds, which will make the ſuns 
diameter 90 times as big as the eartbhs. That the 


ſun is a great body of fire is eyident from the heat 
of it. And that it is of a globular; form, is plain 


from the apParent motion of the ſpots upon its 
ſurface ; for while the ſun moves uniformly. aboy 


its axis, the ſpots in the middle: of the diſk, moses 


very quick, but near the edges grow ſlower and 
Püa Wiz. | wer, 


43 Was 
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Fig. ſlower, agreeable to the motion of a globe about 
1. its axis. By obſervation of theſe ſpots, the ſun is 
found to revolve about its axis in 25 or 26 days. 
8. In our planetary ſyſtem, none of the celeſtial 
bodies ſhine with their own native light, but only 
the ſun. So that all the planets both primary and 
ſecondary are opake bodies, that have no other 
light but what they receive from the fun, and re- 
Ae& it back towards the earth and other places. 
This is evident from the moon, for only that fide 
of her is obſerved to ſhine which is directly op- 
poſed to the ſun, but the other ſide which is from 
the ſun is quite dark, except ſo far as it is illumi- 
nated by reflexion from the earth; for the more of 
the illuminated fide that is turned towards the earth, 
the more we ſee her enlightened ; the reſt being 
dark. And the more of her dark fide that is turn- 
ed towards the earth, the more of her appears 
dark. I hus at the full ſhe appears all enlighten- 
ed, and at the change all dark. The like phœno- 
mena are obſerved in Mercury and Venus, which 
mew all the phaſes of the moon, according to their 
various ſituations; and ſometimes appear like a 
black ſpot upon the body of the ſun. Mars like- 
wiſe appears gibbous when near the quadratures 
with the-ſun. The Satellites of Jupiter are eclipſed 
when they are behind his body, being then immerſed 
in his ſhadow ; they likewiſe caſt their ſhadows up- 


dow of the ring upon his- body proves his opa- 
city. And the weakneſs of the light of thoſe that 
are far diſtance from the ſun, ſhows that it is not 
innate but borrowed. | Fp 
9. All the planetary bodies are ſpherical, and 
all or moſt of them have a rotation round their 
axes. Thus the earth revolyes in 24 hours; and 
we find by obſervation, that Venus revolves in' 29 
hours, Mars in 24+ hours, Jupiter in near 10 _ 
CY add PT | ' an 


en the body of Jupiter. And in Saturn the ſha- 
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and the moon in 27 days being her periodic time, 
and always turns the ſame face towards the earth, 
Theſe motions are found by means of certain ſpots. 


7 4 
* 
* 


Fig. 


2 


upon their ſurfaces, which give us the time of their 


rotation. In the other planets, for the want of ſuch 
marks, the times of their rotation have not yet 
been found. And that they are ſpherical badies 
appears from the ſlow motion of the ſpots near the 
edges, and their ſwifter motion near the middle. 
Likewiſe the line ſeparating the illuminated part 
fram the dark is always elliptical, which proves 
their figure to be Ren — RS 
10. Beſides the Satellites of Saturn, he is epcame 
paſſed with a thin ring AB, concentrical with him, 
and whoſe diameter is more than double Saturn 
diameter CD; and the breadth of the ring is equa 
to the hollow ſpace between the ring a 1% Q 
This is a very odd phœnomenon, and the like 1s 


, 


2. 


dot to be found in any other celeſtial body: Irs 


plane makes an angle of 21 degrees with the eclip- 
tic, and coincides nearly with the orbits of the 
Satellites ; from whence it is probable that this ring 

. revolves in that plane, in the nature of a Satellite, 


or rather of a vaſt number of Satellites, which 


touch one another, and compoſe the ring. Ig 
ſome places of his orbit his ring cannat be ſen 
when its plane paſſes thro? the earth. In ather por 
fitions it is viſible more or leſs... © © be” 
11. The body of Jupiter is alſo enc | 


with ſeveral dark lines, called Jupiter's Bells; 
run about his body parallel to his equinadtial. Bu 
theſe belts are obſerved not to he permanent, | 
to increaſe and decreaſe ; and undergo 880 
changes, and ſo do the ſpots upon his ſurface. 
12. The ſurface of the moon is rough and; An- 
even, and full af innumerable mountains, vallies 
and deep pits. This is plain from, the Jing that 
divides the light from the dark part, for this is 
ET. ; 4. 


e 


* 
* 


3 


8 8e. 
Fig. always jagged and uneven; the higher parts run- 
2. ning more into the dark than the lower. The high! 
mountainous parts caſt a ſhadow to a great diſtance, 
which gradually grows ſhorter, as the ſun's light 
comes more perpendicular; and by degrees the 
light ſhines into the hollows and vallies, and then 
the ſhadows of the edges gradually diſappear. There 
are ſeveral ſpots in the moon, ſome brighter, and 
ſome duller ; but no changes have ever been ob- 
ferved in them, and they keep their places and 
magnitude and colour. There are ſuppoſed to be 
no clouds, rain or water in the moon ; for ſhe al- 
ways has the ſame appearance. There are no ri- 
vers, no ſeas; for ſuch places as are ſmooth and 
look moſt like ſeas, are full of ſmall hills and hol- 
lows, and ſuch irregularities; and therefore can 
contain no water. She always turns the ſame face 
nearly, towards the earth. The moon is far leſs 
than any of the planets, and yet appears vaſtly 
Eater; even as big as the ſun. And the reaſon 
is, becauſe it is vaſtly nearer than any of the reſt. 


23142. Seenot Ee 
The Syſtem of the World, as here deſcribed, is 
called the Copernican Syſtem; but other ſyſtems 
have been eſtabliſhed and received at different 
times, which are founded upon the earth being 
fixed in the center of the world. They are the 
mm G re 0 oa ns 
The Ptolemaic Syſtem, is that which ſuppoſes the 
earth at reſt in the center of the ſyſtem, about which 
the planets are ſuppoſed to move in circles ; as firſt 
the Moon, the next above her, Mercury; and then 
Venus; and beyond her, the Sun; then Mars; 
then Jupiter; and above him, Saturn; and laſtly, 
the ſphere of the fixed ſtars. The planets and ſtars 
are all ſuppoſed to move round the earth from eaſt 
to weſt in 24 hours. „ 
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The T ychonic Syſtem, ſuppoſes the earth abſolute- Fig- ö 
Ip at reſt, and that the moon and ſun revolve about 2. 
the ende ; the moon in a month, and the ſun in a 
year; and at the ſame time, the reſt of the planets, 
Mercury, Venus, Mars, Jupiter, and Saturn, re- 
volve round the ſun; the three laſt * encompaſſing 
the earth. And beſides, they are all ſuppoſed to 
have a diurnal motion round the earth, as likewiſe . 
all the ſtars. 
The Semi- en Syſtem, ſuppoſes the planets to 
' revolve round the ſun, while the ſun and moon re- 
volve about the earth as their center of motion ; TH 
and it ſuppoſes the earth to move about its axis 
from weſt to eaſt in 24 hours. This differs from 
the tychonic only in this, that it ſuppoſes a diurnal 
motion in the earth; but like the tychonic, denies 
an annual one. 
None of theſe ſyſtems can account for all the 
phœnomena; and, therefore 1 ſhall ſay no more 
about them. 


p RO B. II. 


27 0 expat the riß ng an ſetting of the fon, moon, 3 
and ars; the reaſon of day and night, Sc. | 


The phoenomena of the apparent motion of the 
fun, 1 is explained by the motion of the earth, thus, 
Let FGHTI be the earth, O its center; and let 
it revolve about an axis perpendicular to the plane 
of the figure, in the order IFG H; that is, from 
weſt to eaſt. Let A be the ſun, draw: AFOHC, 
and GOI perpendicular to it; let a ſpectator be at 
I; then ſince the. tangent at I (which repreſents 
the horizon) will be parallel to AFH, and A at an 0 
immenſe diſtance; they will nearly meet in A, and . 
the ſun at A will be riſing in the horizon at I. As | 
the earth moves round, the ſpectator is carried 
towards F, and the ſun at A ſeems to riſe higher 
| and 


— 3 
oy +2467 3 
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ſame either way. AR 
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Fig. and higher; and when the ſpectator is arrived 12 
3. F, then the ſun is at the Fm fy As the carth 
fill turns round, and the ſpectator is carried from 


F towards G, che ſun appears to deſcend, as if it 
moved towards D; and when the ſpectator is ar- 
rived at G, chen che ſun appears in the tangent at 
8 that 1s, in the horizon at G; and therefore 

the ſun is ſetti Afterwards, all the time the 
ſpectator is move — thro' GH I, the ſun appears un- 
der the horizon, till it comes at I, where the ſun 


ſeems to riſe again. Now it is evident, that while 


the ſpectator 18 carried thro' the illuminated half 
cf the earth IFG, it is day- light; and at the mid- 
dle point E, is noon day. Alſo whilſt the ſpecta- 
tor is carried thro' the dark hemiſphere GHI, it 


is night; and at H, it is — — And thus 5 
the viciſſitude of day and night appears, by the ro- 


tation of the earth about its axis. 
What has been ſaid of the ſun, is equally true 


of the moon, or any ſtar placed at A. And there- 
fore all the celeſtial bodies ſeem to riſe and ſet by 


turns, one after another, according to their various 


ſituations. For let A, B, C, D be four ſtars ; when 


the ſpectator is at I, the ſtar A riſes; and. when at 
G, it ſets. When the ſpectator i is at F, B riſes; 3 


and when it is at H, it ſets, And when the ſpec- 


when the ſpectator is at H, P riſes and 
at F, it ſets. And the like for. all others, ** 
Sr ne to their. particular poſitions. 


WE 1758 C riſes; and when it is at I, it ſets. 


Cor. 1. Hengt it is the very ſame thing, gs 10 57 


| han motions, whether the earth moves uniformly 
About its axis, while the heavens fand till; or whe- 


ther the heavens move uniformly round, whilſt the 


earth ftands ſtill. The PR being. Goo the 
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the arch IF, from 
or A moves unifarmly in the arch AD, from eaſt 
to weſt, whilſt J is fixed; the ſame. 5 will be 
deſcribed, and therefore the altitude 

the horizon, will be the fame either way. 


Co 2. Hence, as. to all the diurnal phenomena, 


* ee 


11 
For whether the { „ae maves unifarmly 1 in Fig. 
to eaſt, whilſt A is fixed; * 


7 is the ſame thing in ect, whether we ſuppoſe the 


earth te move, er the heavens to move. Aud fince the 


latter ſeems to be the caſe (or is ſo' in appearance,) 
therefore all calculations are made upon this Suppoft: 


tion, that the ſun, or the moon, or any far, moves in | 


its parallel from eaſt to weſt. 
＋ hat all computations of the places of the fun, 


moon and ſtars, are made 1 75 this ſuppoſition, | 


will appear when we come to the calculation of ſuch 


aſtronomical pr 4 N as depend on the circles of 


the ſphere. For all calculations are eaſieſt com- 
| do e en e eue e Re: 


Sch OT TUN. 


Tha the FT really turns round ĩts axis ance in 
24 hours, and by that means cauſes all the phano- 
mena of the diur 
is plain, that either the earth muſt reyolve round 
its axis in 24 hours, or elſe the heayens, with all 
their furniture, mult revolve round the earth, in 

the ſame time. But it cannot be the heavens es 
revolve; for example, ſuppoſe the ſun revolves af: 
ter this manner. Every body revolving round ang- 
ther body. as its center, it is neceflary that the cen- 
; tral body mult always be in the plane in Which the 


revalving body moves; whatever curve 1t deſcribes; 
otherwiſe it cannot be ſaid to revolye about that 
body, but about ſome other rant Mn de it 


the ſun moves ahout the earth in 


muſt be in the PINE deſcribed 5 the ty og in a day. 


But 


motion, is proved thus, It 


12 
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Fig. But this never happens but accidentally, two days 
3. in the year, at the equinoxes. For at all other 


* 


times the ſun defcribes the ſeveral parallel circles, 


that have not the earth for their center. Therefore: 
the ſun can no more be ſaid to revolve about the 


earth, than a body moving round the baſe of a 
cone, can be ſaid to revolve about the vertex. 
This may be proved experimentally thus, erect a 


| 2 upon any N acing the ſouth, and ob- 


erve the line which the ſhadow of the top of it, 


* 


deſcribes upon that plane, thro any day; and for 
| ſeveral days in the year; and yowll find it always 


a curve line, except when the ſun is in the equi- 
noxes. And therefore the earth is never in the 
plane of the diurnal orbit, but then. For if the 
end of the gnomon kept all the while in the plane 
of the diurnal orbit, the ſhadow deſcribed would 
be a right line, ſince the interſection of two planes 
is always a right line. Therefore the earth not be- 
ing in the plane of its diurnal orbit, the ſun re- 
volves not round the earth, as a center, in a day. 
It is to no purpoſe to object, that if the gnomon 
was at the earth's center its ſhadow would be a 
right line. For by reaſon of the great diſtance of 
the ſun, this makes no ſenſible Kference. For 
notwithſtanding that, it deſcribes right lines at the 


- equinoxes; and at the ſolſtices, two curves exact- 


ly alike, with their concavities the contrary way. 


What has been faid of the ſun is alſo true of the 


ſtars, only the ſtars not changing their declination, 
they are always in their reſpective parallels. And 
therefore the earth is never in the center of any of 


their motion, but ſuch as happen to be in the plane 


of the equator. Therefore ſince the ſun and ſtars 


move not round the earth in a day, it follows that 
the earth revolves about its own axis in a day. 


Hence the apparent diurnal revolution of the ſun 


; 


* 
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and ſtars proceeds from the real revolution of the Fig. 
earth round its axis. As.” 

It muſt. appear ſtrange to ſuppoſe, that all the 

- ſtars, at immenſe diftances, and at different diſ- 
tances too, ſhould all revolve preciſely in the 
ſame time of 24 hours; thoſe about the equinoc- 

tial moving incredibly wift, whilſt thoſe near the 

pole move very ſlow in appearance; and yet 

all of them conſpire to perform their revolu- 
tions in the ſame ſmall ſpace of time; a thing not 


to be imagined, and utterly inconſiſtent with all the 
laws of motion. ö 


Ro FW 
To explain the different ſeaſons of the year, and ac- 4. 
count for the lengthening and ſhortening of days, &c. 


_  M orbit of the earth extended to the' heavens, 
is called the Ecliptic; and is divided by aſtrono- 
mers into 12 equal parts, called Signs; theſe ſigns 

are, Aries , Taurus 8, Gemini u, Cancer , 
Leo &, Virgo m, Libra æ, Scorpio m, Sagitary g, 
Capricorn , Aquarius , Piſces X. Therefore 
let s u be the earth's orbit, S the ſun, This 
orbit is ſo ſmall in reſpe& to the diſtance of the 
fixed ſtars, that the ſame aſpect of the heavens will 
appear, whether a man be placed in the earth or 
in the ſun. Now if the earth be at v, a ſpectator 
will ſee the ſun in ; and when the earth comes 
to 8, he will ſee the ſun in m; and the ſun will 
appear to have moved thro * m. And whilſt the 
earth is moving to n, the ſun will ſeem to paſs 
thro' m 73 and hence a perſon in the earth — 5 
the ſun to go thro. the ſame ſpace in the heavens, 
that a ſpectator at the ſun would ſee the earth 
. through. And becauſe he is not ſenſible of E 
. earth's motion, he aſcribes that motion to the ſun, 
which in reality is unmoved. And hence, becauſe 
0 relative. motion is the ſame, 1 of the two 
5 | Is 
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Fig. is moved, and all effects are the ſame as to their 
4 places; therefore aſtronomers generally ſuppoſe the 
fun to move along the ecliptic, defcribing its orbit 
robnd the tarth at reſſt. 
Let NEAQ be the earth, Which is a ſphere; 

and let NA be its axis, about which it revolves in 

24 hours. N the north pole, A the touth; and EQ 

the equinoctial, or a circle equidiſtant from the poles 

N, A. And let PR be a parallel of latitude pa- 
ſing thro? any place. Draw a plane G perpen- 


dlicular to i S , this divides the illuminated he- 


miſphere from the dark one. The axis NA is in- 
elined to the plane of the ecliptic or earth's orbit, 
in an angle of 66; Ae And during the earth's 


motion in its orbit, the axis always remains in a 


parallel poſition, or pointing to the ſame ſtar. More- 

over the earth moves uniformly round this axis; 

and therefore deſcribes equal arches in equal times. 
Now let the earth be at ; in this poſition, the 

_ circledividing the light and dark hemifpheres paſſes 
thro* the poles N and A. And conſequently by the 

nature of the ſphere, divides all the parallels as PR 
into two equal parts; and therefore any point in 

that parallel, as the earth revolves round, will ſtay 


as long in the light hemiſphere as in the dark. That 


is, the days and nights are equal. Then as it moves 
to m, the pole N comes into the light hemiſphere, 
by reaſon of the oblique poſition of the axis NA. 
And. as it proceeds to 7 and , the light hemiſ- 
phere reaches farther and farther beyond N, till 
coming to v, it is at the fartheſt, reaching to G, 


and making the arch NG 23 degrees, the comple- 


ment of N #S, or. 66 f degrees. And then the op- 
poſite pole A is as far involved in the dark hemiſ- 
phere. Whence in north latitudes, or in the he- 


2 to v, where they are at cheit longeſt ;- for the 
greater part of the parallel PDQ_ as PD is, in the 


illumi- 


>. 4 F 


* 
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miſphere ENQ the days have been increaſing from 
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illuminated hemiſphere, and only the part DR in Fig, 


the dark. But in the oppoſite or ſouthern hemiſ- 4. 
phere the days have been decreaſing, and are at 
their ſhorteſt at y. For all the parallels to EQ have 


their greater part in the dark hemiſphere. If thro? 


the point G, à parallel be deſcnbed, this parallel 


= called the Arctic Circle; and alk the ſpace con- 
tained therein is illuminated, and therefore there is 


no night, during the earth's ſtay at . And for 
the ſame reaſon, the ſpace within the parallel drawn 


| thro? 1, will be all dark, and all is night there. 


Likewiſe if a parallel be drawn thro? B, where 8 
cuts the arch NE, that parallel is called the Tyo- 


| pic of Cancer; and then the ſun will ſhine perpen- 


dicular upon the inhabitants in that parallel. This 
is the ſummer ſeaſon for thoſe that are in the he- 
miſphere ENQ, and the winter for thoſe that live 
in EAQ. And fince EQ is equally divided by 


the circle of light and darkneſs GI; therefore the 


days and nights are always equal under the equi- 
noctial. | 5 . 


Again, whilſt the earth moves thro! xx and 90 
to , the circle of light and darkneſs comes nearer - 


and nearer to the pole N, the angle NG and con- 
ſequently By E grows leſs and leſs, till they vaniſn 
in y; then the circle of light and darkneſs paſſes 
again thro? the poles N and A, and conſequently 


biſects all the parallels as PR; and therefore the 
days and nights are again equal, all over the earth. 


Whilft the earth moves thro' „, v, mn to S, 
the ſun will ſeem to go thro' , m, # to vr; 


chen the circle of light and darkneſs will fall hort 


more and more of the north pole N; and will go 
further and further beyond the ſouth pole A; whence 

the parallels cut by that circle will have the greater 
part PD in the dark, in the north hemiſphere; but 


in the ſouth hemiſphere, the greater part will be in 
| the light. Therefore tis winter to the northern 


hemiſphere 
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Fi ig. hemiſphere ENQ, the days being at the ſhorteſt ; 
4. and ſummer to the ſouthern hemiſphere EAQ, 
their days being at their longeſt. And within the 


parallel drawn thro' G, there will be no day whilſt 
the earth ſtays at = ; and in the parallel drawn 
' thro” I there will be no night. And at the pole A 
it will be day for 6 months, and at the pole N it 
will be night for ſix months; juſt the contrary. of 
what happens, when the earth is at F. In this 
. poſition, if a parallel be drawn thro B, the ſun 
will ſhine perpendicular to the earth in that paral- 
lel, and it is called the Tropic of Capricorn. And 
a parallel drawn thro' I is called the Autardlic Circle. 


Let the earth move from S thro' & and m to 


again; it is evident the circle of light and 
darkneſs draws nearer and nearer to the poles N 


and A, by which the light and dark parts of 


the parallels became nearer an equality, and ſo do 
the days and nights. Therefore in the north he- 
miſphere ENQ, the days are increaſing; and in 
the ſouth hemiſphere they are decreaſing. And 


the days and nights become equal 1 in every place, 
when the earth arrives at K. And in this man- 


ner, are the ſeveral ſeaſons cauſed ; being owing 


to the obliquity of the axis of rotation of the 


earth, to the plane of the earth's orbit. For if 


the axis was perpendicular to it, there could be 


no variety in the length of days, in whatever part 
of the orbit the earth was; and all ſeaſons would 
be alike. Therefore the earth, in the time of paſ- 
ſing thro! Y « u, or thro' the whole ecliptic, un- 
dergoes all the different changes of its ſituation, and 
ſhews all the variety of ſeaſons, and fo compleats 
the year, and begins a new one. And after this 
manner the earth revolves year after year about the 
ſun at reſt. 


Tor. x. . the obliquity of the earths axis to the 
ecliptic, (or 


ch 15 — thing,) of the o_ : 
| wa = 
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tinl to the ecliptic, is the cauſe of the different ſeafons, Fig, 
. as ſummer, winter, ſpring and autumn, during the 4« © © 
"= | year, And without this, there could be no difference 
q of ſeaſons ; and conſequently it could not be eaſy to 
1 know the length of the year, without obſervations of 
\ the ſtars. „ 5 
t For the length of the year is had from finding 
1 the time by obſervation, when the ſun is in the 
8 equinoctial points; and there being no ſuch points 
n to obſerve by; there could be no method, but to 
N obſerve by the poſition of the ſtars; when the ſame 
d ſtar was again in oppoſition to the ſun; which none 5 
5 but an aſtronomer could do; and perhaps no body 
5 would undertake it, as it could be of no uſe when 
d found. Po” 
oF Cor. 2. The ſun appears 47 degree higher in the 
ſummer tropic, than it does in the winter tropic. 
0 For in ſummer it ſeems to have aſcended thro' the 
e arch BE; and in winter, to have deſcended thro? 
n the arch BQ equal to BE; and their ſum is 47 de- 
d grees. | N | : 50 
„ „  SCHOLIUM. 
Theſe phænomena may be repreſented thus. 
"= Take a ſmall globe that has the equinoctial and pa- 
73 rallels drawn on it. And placing a candle upon a 
. table move the globe round the candle in a circle | 
2 parallel to the table, ſo as that the axis of the > 
d equator may be oblique to that circle, and be kept 
2 always in a parallel poſition whilſt it moves about. 
* Then the candle will illuminate the globe, as it is 
d carried round; juſt as the ſun does the earth in its 
a orbit. And the poles and the parallels will be the 0 
* _ way affected with light and darkneſs as this 
OY | | TEE 
de F It is taken for granted here, that the earth moves 
30 round the ſun at reſt in a year; by which means 


all the phœnomena of the ſeaſons are moſt eaſily 
| C and 
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and naturally accounted for. But in reality this is 
4. more than a mere hypotheſis; for by the laws of 


centripetal force (Prop. XX.) if two bodies revolve 
about each other, they revolve about their com- 
mon center of gravity. Now the ſun being vaſtly 
greater than the earth, the center of gravity of the 


two bodies falls within the body of the ſun, which 


point 1s at reſt ; and therefore whilſt they revolve 
about one another, the center of. the fan is very 


little moved, being at a very ſmall diſtance from 


the center of gravity z whence the ſun does not 


ſtir out of its place. And conſequently it is fact 


that the earth by its annual motion, moves about 
the ſun at reſt. They that aſſert that the ſun 
moves round the earth, muſt firſt prove that the 


earth is vaſtly greater than the ſun, which they ne- 


ver can do; and therefore that ſuppoſition is im- 
ſſible in nature. OT | 
Neither do the planets revolve round the earth, 

for then they would deſcribe areas proportional to 

the times (ib. Prop. XI.), which they do not: and 
ſome of them do not include the earth in their or- 
bits. Likewiſe the ſquares of the periodic times 


would be as the cubes of their diſtances from the 


earth (ib. Prop. XVII.), which they are not. But 
all theſe things agree with the ſun, as the center 
of their motions; conſequently the ſun and planets 
do not revolve round the earth in their ſeveral perio- 


dic times, but the earth and planets revolve about 


* 


their reſpective periodical times. 
All people agree that the moon revolves about 
the earth; and if the ſun revolved about it alſo, 
its velocity would be 25 times the velocity of the 


the ſun; the earth in a year, and the planets in 


moon; by reaſon of its great diſtance, contrary to 
the laws of nature, and Cor. 6. Prop. III. centri- 


petal forces. 
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It may be obſerved, that the ſame phœnomena Fig. 

appear, whether the bodies or the ſpectator be 4. 

moved ; ſo that it cannot be proved by the obſer- 

vations themſelves, whether the motion is in the 

ſun, or in the earth. | 


PROB. IV. 


To explain tbe increaſe and decreaſe of . the moon, and 
its different phaſes. 


Let E E be the canch, ACBD the moon revolving 5. 
about the earth in her orbit 1357. The moon is 
the moſt ſplendid planet iti the heayens, owing to 
its apparent magnitude and nearneſs to us. She 
performs her revolution. from change to change in 
a month; during which time ſhe is always chang- 
ing her figure, and putting on- different phaſes or 

appearances. Half of her time ſhe is increaſin 
from the change to the full, and in the other half 
ſhe is decreaſing from the full to the change,” when 
ſhe becomes inviſible. But all this is only in ap- 
pearance, for the. moon is a ſpherical opake body 
like the earth, and we can ſee no part of her but 
ſuch a part of her illuminated hemiſphere as is 
turned towards us, the reſt remains invifible. From 
theſe appearances, one would ſuppoſe that the moon 
is generated anew every change, increaſes to the 
full, and then waſtes away again to nothing in the 
change. To explain this, we muſt underſtand, 
that ſhe has no light but what ſhe receives from the 
ſun, which is the light ſhe ſhines with. For the 
ſun ſhining upon the moon, illuminates that he- 
ho miſphere of her which is turned towards him, the 
| oppolite hemiſphere being dark and inviſible. And 
by her ſituation in reſpect of the ſun, ſometimes a 
| greater and ſometimes a leſſer part of her enligh- 
It. tened hemiſphere 1 is turned towards us. 
C A Let 
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Fig. 
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ſible one. oy . 


Change, or it is new Moon. Then whilſt ſhe moves 
along her orbit from 1 towards 2, part of her illu- 
minated hemiſphere begins to appear, and at 2 


there CD is perpendicular to AB; then half of her 
_enlightened hemiſphere will be viſible, and ſhe is 


terwards moving from 3 to 4, ſhe ſtill increaſes 
in light; and at 3 part CA of her illuminated 


and her dark ſide towards us; and we can ſee no- 


looking eaſtward. Then while ſhe advances in her 


proceeding in her orbit from 4 towards 5, her light 


> MOONs . 
Let S be the ſun at an immenſe diſtance ; and 
ſuppoſe rays of light to be drawn from the ſun to 
the center of the moon, and that BA is every 
where drawn 5 to theſe rays through 
the center of the moon. Then it is evident, 
that the circle BA is the circle terminating light 
and darkneſs, or dividing the light from the dark 
hemiſphere. Alſo from E the center of the earth, 
draw lines every where to the center of the moon 
in her orbit; perpendicular to which draw the 
plane CD, then the circle of viſion CD will divide 
the viſible hemiſphere of the moon from the invi- 


Suppoſe the moon at 1, directly between the 
earth and ſun; then the circle AB of light and dark- 
neſs, and the circle of viſion CD, coincide; and her 
whole illuminated hemiſphere is turned from us, 


thing of her; and now ſhe is ſaid to be at the 


the part CA becomes viſible, and the part DA re- 
mains dark. In this poſition ſhe appears ſmall and 
horned, with her back towards the ſun, her horns 


orbit from 2 to 3, her light increaſes more and 


more, as more of her enlightened fide appears to 
us. And at 3, where 3E is perpendicular to SE, 


then biſected, and ſhe appears a half moon. Afﬀ- 


diſk appears, which is more than half, and the part 
DA only remaining dark; and in this poſition ſne 
appears 'gibbous or crooked on both ſides. Still 


ſtill 


* 
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{till increaſes, and at 5 the circle AB terminating Fig. 
light and darkneſs coincides with CD the circle a 
of viſion, and there the whole illuminated face of 
the moon is turned towards the earth, and becomes. 
vilible. In this ſituation, being directly oppoſite to 
the ſun, ſhe is ſaid to be at he full. And now 
ſhe riſes when the ſun ſets, and ſets when he riſes. 
In like manner as ſhe proceeds in her orbit, ſhe 
begins to loſe part of her light, and at 6 the part 
BC is darkened, and the part DB only viſible ; in 
this ſituation ſhe | is again gibbous. Then movin 
on towards 7, ſhe loſes more and more light, — 
at 7, where Ey is perpendicular to SE, ſhe appears 
biſected again, and becomes a half moon. The 
moon ſtill going forward towards 8, the illuminat- 
ed part which is viſible, becomes leſs and leſs, and 
8 at 8 ſhe appears crooked and horned, the horns 
Z looking now weſtward from the full to the change; 
= contrary to what they did from the change to the 
full. The moon ſtill proceeding to 1, the light by 
degrees vaniſhes, and at 1, her whole dark fide is 
turned towards us, and ſhe 1s again at the change. 
It has been obſerved, that the moon has no 
light but what ſhe receives from the ſun; but this 
is not to be taken abſolutely, for there is a very 
imall quantity of light reflected to her from the 
earth, eſpecially near the change; which makes 


o the dark part viſible in a clear air. For at that time, 

iS the whole illuminated hemiſphere of the earth is 

er turned towards the moon, and enlightens her dark | 
18 ſide, and makes it vifible. For fince the moon 8 | 
f- light enlightens the earth; much more vill the | 
es earth's reflected light illuminate the moon, as. the | 
ed earth's hemiſphere is. 15 times as great as the | 
art moon's. And hence ariſes that dim light, which. 7 
he is obſerved in the old moon, by which her body | | | 
till becomes viſible, altho? but obſcurely. f | 
cht | =; 


ES? 5 The 


Aa 
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Fig. The moon does not move in the plane of the 
5. ecliptic, but in an orbit making about five degrees 


inclination with it. And hence it comes to pals, 
that ſometimes the moon riſes higher than the ſun, 
when the ſun is at higheſt ; and ſometimes lower 
than him, when he is at the loweſt meridian altitude. 


Cor. Hence the moon has five remarkable phaſes 
or appearances. 1. New moon. 2. Full moon. 3. The 
horned moon. 4. The half. moon. 5. The gibbous 


moon. 


P R OB. v. 


To ſhew the nature of eclipſes, and the reaſon of 
the eclipſes of the ſun and moon. | . 


Any opake body expoſed to the light of the ſun, 
or of any other luminous body, will caſt a ſhadow 
behind it. This ſhadow is nothing but a ſpace void 

of light, into which if ay other body happens to 
come, it cannot be ſeen for want of light. This 
body coming within the ſhadow of the other is ſaid 
to be eclipſed. Hence there muſt be three bodies 
concerned in any eclipſe, the luminous body, the 
body caſting a ſhadow, and the body involved in 
the ſhadow. Now ſince light moves in right lines, 
if the bodies be ſpherical, the ſhadow will be a 
cone or the fruſtum of one, whoſe axis paſſes thro? 
the center of the luminous body, and the center 
of the body caſting the ſhadow. 
_ Let AB be a luminous body as the fun, CD an 
opake ſpherical body expoſed to its light. Draw 
AC, BD to interſect in P; then the cone CDP is 
the ſhadow of CD. Into this ſhadow no light can 
come from the luminous body AB. Draw BCE, 
ADE, and the ſpace ECPDF is the penumbra ariſ- 
ing from the ſhadow of CD; in which ſpace ſome 
light comes from part of the body AB, Near to 
„ 1 
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CP and DP it is nearly dark, as there is no light Fig, 


comes there, but what comes from ſmall parts of 


the body AB near the edges. The further you go 
from CP and DP, the more light there is, as a 


greater portion of the luminous body can ſend light 


to theſe places. And near CE and DF the penum- 


bra is exceeding ſmall, becauſe almoſt all the lu- 


mincus body AB can ſend its light to theſe places. 
Therefore the penumbra is darkeſt at CP, DP; and 


| vaniſhes at CE, PF. Now if any opake body as 


G happens to be in or near the ſnadow· CDP, that 
part which is within the ſhadow will be totally 
dark; and the part that is in the penumbra, will 
have ſome faint light, which is greater, the further 
it reaches from DP. The body G then will be 


___ eclipſed either partially or totally. If the center 
of the body G happen to fall in the axis of the cone 


CDP, it will be centrally eclipſed ; and. if its dia- 
meter be leſs than the diameter of the cone of ſha- 
dow in that place, it will be totally eclipſed... 
Therefore if AB be the ſun, CD the earth mov- 
ing in its orbit, and G the moon revolving about 
the earth; when the moon at G comes to the op- 


poſition of the ſun, or to be full moon, it will 


then come near, or fall into the ſhalow of the 
earth CDP, if it falls into the ſnadow it will be 
eclipſed. Now if the moon's orbit was in the plane 
of the ecliptic or the earth's orbit, there would be 
an eclipſe of the moon every full moon, and a 


6. 


central one. For at every full moon the centers of 


all the three bodies would be in a right line; and: 


therefore the moon muſt needs go thro? the earth's: 
ſhadow. - 5 1 


Again, when the moon, by revolving in its or- 


bit, Is come to the oppoſite ſide at H, where it 
is new moon, then its body will be between the 
ſun AB and earth CD, and conſequently: will caſt: 


a ſhadow upon the earth. And to. thoſe that live 


Cc 4 | Upon; 
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„ 
upon that ſpot of earth, the ſun will ſeem to be 
eclipſed, or to loſe its light; tho' in reality it is 
that part of the earth that is eclipſed. And there- 
fore if the moon's orbit be in the plane of the 


earth's orbit, there will be an eclipſe of the ſun 


every new moon; for their centers will then be all 
in a right line. os ; 
But the orbits of the earth and moon are not in 


one plane; and therefore there cannot be any eclipſe 


but when their oppoſition or conjunction happens 
at ſuch a time when they are at or near the inter- 
ſection of their orbits, that is, at their nodes. For 
at the interſection, they will be all in a right line. 

Let E be the earth, BLAC the moon's orbit; 


: AGBD a circle drawn in the plane of the eclip- 
tic, interſecting the moon's orbit at A and B, the 


nodes; AB the line of the nodes; the angle GAL 
or DBC the inclination of the moon's orbit to the 


ecliptic, 5 degrees. Now as the moon moves in 
the orbit BLAC, and the {un ſeems to move in the 


orbit BGAD ; they can never be in a right line 


with E, but when they are in the line of the nodes 
AB. Let the ſun be at F, and the ſhadow of 


the earth diametrically oppoſite, at H; and I the 
place of the moon when the full. moon happens ; 
then if the diſtance HI be leſs than the ſum of 


their ſemidiameters, there will be a partial eclipſe | 
| of the moon at H. But if they are at K and f OR J 


ſo far from the node B, that the diſtance LK ex- 


ceeds the ſum of their ſemidiameters, there can be 


no eclipſe, for the moon will miſs the ſhadow. And 
if they happen in B, there will be a central eclipſe. 
Again, let the ſun appear at F in the time of 
the conjunction, and the moon be at N, and if 
they be ſo near the node A, that the diſtance of 
their centers NF be leſs than the ſum of their ap- 
parent ſemidiameters; then there will be an eclipſe 


of the ſun at F, at the time of new moon, Burt if 


they 


7 | 
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they are ſo far from the node A, that the diſtance Fig. 
PQ exceeds the ſum of the ſemidiameters, there 7. 
will be no eclipſe at that new moon. For then the. 
A moon at Q can hide no part of the ſun at P from 
5 being ſeen; or the moon's ſhadow at Q miſſes the 
= earth. Laſtly, if they happen to be at A in the 
f time of new moon, there will be a central eclipſe 
1 of the ſun. — 3 | 
. KF Since the ſun is bigger than the earth, and the 
earth bigger than the moon; the ſhadow of the 
- | earth or moon will end in a point. And the dia- 
— meter of the earth's ſhadow will be far bigger than 
the diameter of the moon. And even at the diſ- 8. 
tance of the moon's. orbit, the diameter of the 


: ſhadow CD is thrice the diameter of the moon. 

; Whence it comes to paſs that the moon is 4 hours 

5 in paſſing thro' the earth's ſhadow, or that a cen- 

- tral eclipſe of the moon is 4 hours long. * 
x The moon CD being far leſs than the earth, its g. 
" ſhadow CDF ends ſooner, or is ſhorter, than the 

> earth's ſhadow. And ſometimes the cone of ſha- 

5 dow ſcarce reaches to the. earth, and very little 

f further at any time. Therefore the ſection of the 

8 ſhadow, where it falls on the earth, covers but a 

; very ſmall portion of the earth's ſurface AB. Thus 

f the ſhadow F eclipſes the ſun only to thoſe that live 

a upon that ſpot. And as the moon moves eaſtward 

* over the ſun's diſk, the ſhadow F moves over the 
„ ſurface of the earth deſcribing the tract FG, go- 
e ing off at G. And all the inhabitants living un- 
d der that tract, have the ſun ſucceſſively eclipſed, 
: and totally. Thoſe that live at ſome diſtance from 
1 the tract FG, will have a partial eclipſe, as they 

f J fall within the circle of the penumbra HI. But 

f beyond that, the inhabitants are not ſenſible of any 

— eclipſe. The cone of ſhadow is ſo narrow where 

e it falls upon the earth at F, that the duration of a 
1 total eclipſe continues but a few minutes in any one 


| 
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Fig. place. And the area which the ſhadow covers does 


9 
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not exceed three degrees in Hiameter; tho? the 
numbra reaches over a ſpace of 70 degrees, for 
which reaſon the whole length of a total eclipſe is 
about two hours. | 


Cor. 11 All eclipſes of the ſun happen at the change 
of the moon; and all eclipſes of the moon are at the 
full moon. 

For it is only at the change that the moon comes 
between the earth and fun. And *tis only at the 
full, that the earth can come between the ſun and 
moon. 


Cor. 2. The nearer the fun and moon are to the 
nodes, at the time 22 an eclipſe; the _ the eclipſe 


vill be. 


Cor. 3. In every eclipſe of the moon, the eclipſe 
Frſt begins on her eaſtern ſide, and goes off on ber 
weſt ſtae. 


For her motion being ſwifter than the fan” 8, or 


the ſhadow of the earth ; ſhe overtakes the ſhadow. 


and enters into it, on the welt ide, _ her eaſtern 
hmb, as ſhe moves eaſtward, | 


Cor. 4. In eclipſes of the ſun, the weſtern file is 


firſt 52 and ends on the eaſtern ſide. 


For the moon movng faſter, overtakes the ſun 
in his motion eaſtward, 


pw” 


Cor. 5. As many iges happen of the fone in 3 
ral, as of the moon. 

For the moon's ſhadow + the earth's diameter 
= earth's ſhadow + the moon's diameter. Whence 
the moon's {ſhadow falls as oft on ſome part of the 


earth, as the earth's ſhadow upon the moon. 


Cor. 6. In any particular place, there are more 


| eclipſes of the moon than 5 ae _ 


For 


. 
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Cor. 7. In ſome places of the * an eclipſe of 
_ the ſun may be total, in others partial, and in ſome 
none at all. 


Cots 8. Eclipſes of the ſun don't kappen at the Jams 
time in different places of the earth. 

For an eclipſe is viſible firſt at its going upon 
the earth's diſk, then at F; then ſucceſſively at all 
the places along the tract FG, as the ſhadow goes 
along. And laſtly at its going off at G. 


Cor. 9. But an eclipſe of the moon happens at the 
\ ſame time to all the inhabitants of the earth. 

Thus all the inhabitants of the earth AB, to 
whom the eclipſe is viſible, will ſee the moon im- 


merged-into the ſhadow at PD, at the ſame inſtant. 
They will alſo at the ſame time ſee it paſs thro? 


the ſhadow DC, and then emerge at C. 
Cor. 10. The moon, before 2 begins to be eclipſed, 


or to enter into the ſhadow of the 7 grows very 


Hate. 
The reaſon of this, is her being in the penumbra. 


27 

For the ſhadow of the moon is leſs than he Fig. 
earth's ſhadow, and therefore will not ſo often ob- 9. 
ſcure a certain place of the earth, as the earth's 
= ſhadow will of the moon. 


Cor. 11. When it happens that the cone of the moon's 


ſhadow does not reach the earth; there will be no to- 
tal darkneſs at the earth. And thoſe that live where 
the axis of the cone cuts the earth, will ſee a bright 
ring ſurrounding the moon. T7 his is called an annular 

eclipſe. 
For nothing but the —— falls then on the 
earth; and the bright ring that appears, is the edge 
of the ſun appearing all round; the moon being 
then (apparently) kk than the ſun, A 
or. 


| 
1 
i 
| 
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Fig. Cor. 12. No eclipſe of they, ſun happens to all 


9. 


appears to have a duſky red light; which is owing 


places where the ſun is viſible; but only to ſome par- 
ticular places on the eartb. \ 5 

| SCHOLIUM. ; 
Sometimes in an eclipſe of the ſun, the moon 


to the refraction of the rays of light paſſing thro 
the earth's atmoſphere, eſpecially the red rays; and 


Jo falling upon the body of the moon. 


"PROM 
To explain the ſtations and retrogradations of the 


© planets, and their phaſes. 


If an obſerver was ſituated in the ſun, he would 


| ſee all the planets move regularly the fame way 


about him from weſt to eaſt, ſome faſter and ſome 
ſlower, according to their reſpective diſtances or 
rather nearneſs. But to an obſerver upon the earth 
the motion of the planets will be very irregular ; 
becauſe the earth being one of them, is in motion 
itſelf. Sometimes they ſeem to move directly from 
welt to eaſt, according to their true motions. At 
other times they ſeem to loſe all their motion, and 


to be ſtationary. And ſometimes they ſeem to ga 


_ contrary to their real motions, from eaſt to weſt, 


10. 


and ſo move backwards or become retrograde. Theſe 


motions have no relation to the diurnal motion of 
the celeſtial bodies; they are only conſidered as 


moving among the fixed ſtars; ſo that when a pla- 
net moves from the weſtermoſt ſtars towards others 
that lie eaſterly, it is ſaid to be dire ; when it al- 


ters not its poſition among them, it is ſtationary. 


And when it leaves the eaſtermoſt, and moves ta- 
wards the weſtermoſt ſtars, it is retrograde. | 


Since Venus and Mercury (which are called in- 
ferier Planets, becauſe they are nearer the ſun than 


we 
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we are,) move ſwifter about the ſun than the earth Fig. 
does, and perform their revolutions in leſs time. 10. 
Therefore only a part of the earth's orbit will be 
deſcribed, whilſt an inferior planet deſcribes its 
whole orbit ; and therefore it will be frequently 
overtaking the earth in its motion. 

Let an inferior planet be at E and the earth at 

T, in the oppoſite point, moving in their orbits, 
round the ſun at S. Then whilſt the planet moves 
from E towards F, if the earth ſtood ſtill at T, 

it would ſee the planet move eaſtward or direct; 
and much more fo, if itſelf moves towards V. 
When the planet comes to G, and moves from G 
towards H, it will appear to move as quick as the 
ſun, becauſe its motion tends towards the earth at 

V; and therefore its apparent motion is ſlower than 
before. From H to A, (by reaſon of its ſwifter 
motion than. the earth) it will tend to a point be- 
yond V as at W; and when the lines HV and AW 

are parallel (which they are tending to), the pla- 
net will ſeem ſtationary. Afterwards the planet 
moving faſter thro* AB, than the earth moves thro? 
WX, the planet will ſeem to move weſtward or be 
retrograde, and will continue fo till coming to O, 

a little before 1t ſeems to move in a direct line from 

the earth at Y ; and about O and D their places 
will be found again in two parallel lines, that is 
OY, DZ will be parallel; and then it appears ſta- : 
tionary again to the earth at the place YZ. Then 

the planet by its ſwifter motion thro' DE, will be- 

gin to turn about from its paralleliſm towards the 
eaſt, that is, it will be direct again. Beyond Fit 
will increaſe its direct motion more and more, till 

it come again to the earth's oppoſition. And from 
thence every thing will follow as before. And this 

will be the phœnomenon of Venus and Mercury. 
And as Mercury moves ſwifter than Venus, it 
ſooner overtakes the earth, and therefore the ſta- 


tions 
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Fig. 


10. 
11. 


r ss 
tions and retrogradations will be more frequent in 
Mercury than in Venus. . 


Again let ABC be the orbit of the earth, abeg 


the orbit of a ſuperior planet. Tis plain, that 


from the ſwifter motion of the earth, and the ſlower 


motion of the planet, that the planet will ſome- 


times be in conjunction with the ſun, and ſometimes 


in oppoſition to him. Let the earth be at A, and 


the planet at à in conjunction with the ſun, in the 


oppoſite point of its orbit. And while they both 


move in their reſpective orbits, let their contempo- 
rary poſitions be Aa, Bi, Cc, Dd, &c. Now tis 


evident, if the earth ſtood ſtill at A, the planet 2 


would ſeem to move eaſtward from à to h, &c; and 
much more will it appear to do that, when the earth 
moves the ſame way about the center from A to B, 
&c. and this cauſes the planet to move faſter than 
ordinary in appearance. In the poſitions Bb, the 


motion of the earth at B is more oblique, and | 


therefore the planet ſeems to flacken its motion. 


Between B and C, about G, the earth ſeems to 


move directly towards the planet, advancing to c; 
and therefore it ſeems here to move no faſter than 


the ſun does. About Cc, the line connecting the 


earth and planet will continue for ſome ſmall time 
parallel to itſelf, as pointing always to the ſame 


ſtar, and then the planet will ſeem ſtationary. Ad- 


vancing to D and d, the planet will come to the 
oppoſition of the ſun, and the earth moving with a 
ſwifter motion will ſeem to leave the planet behind; 


that is, the planet will now begin to be retrograde. 


Paſt D and d, the retrograde motion will decreaſe, 
by reaſon of the earth's motion being more oblique 


to that at 4; and ſome where paſt D and d, the 


line connecting the earth and planet, will conti- 


nue for ſome time parallel to itſelf; that is, the 
planet will again be ſtationary. Approaching to- 


wards E and e; the earth ſeems to move directly from 
| the 


— A425 net = wy ov 


1 4 Bond md ' @a\ Ay 


Sect. I. RETROGRADATIONS. 


31 


the planet, and then the planet ſeems to have the Fig. 
ſame motion eaſtward as the ſun has. Between E 11. 


and F the earth begins to get to the oppoſite ſide, 


from the planet; which accelerates the planet's mo- 
i tion eaſtward. At Ff they are approaching to the 


oppoſition ; and ſomewhere between FG and , 
they are again in the oppoſition, or the planet is 
in conjunction with the ſun, as at firft ; where the 
apparent motion is greateſt. And thus the ſame 
phœnomena will be repeated over again. Theſe 


* 


will be the phœnomena of the ſuperior planets, 


Mars, Jupiter and Saturn; with this difference, 
that the ſtations and retrogradations will be more 
frequent in Saturn than in Jupiter; and more fre- 


quent in Jupiter than jn Mars. Becauſe the earth 


oftener overtakes Saturn than Jupiter, and Jupiter 


oftener than Mars; and paſſes between them and 


the ſun. | 


Since the inferior planets move round the ſun at 
a leſs diſtance than the earth, therefore their orbits 
are included within the earth's orbit. And ſince 
their planes almoſt coincide within the echptic or 

plane of the earth's orbit ; therefore theſe planets 
will ſeem to a ſpectator on the earth, ſometimes to 
go to the eaſt of the ſun, and ſometimes to the 


weſt of him; and fo to move back and forward 


with a vibrating motion almoſt in a right line. 
Thus if the earth be at Z, the planet revolving 
in the orbit EGA, will ſeem to move in the lines 
DS, SB, and then back again in the line BS, SD, 


making equal vibrations from the ſun S, each way. 


10. 


And the angle DZS or BZS, that is, the apparent 


ſemidiameter of the orbit at Z, is called the Elon- 
gation, In Mercury it is 30 degrees, and in Ve- 
nus 45 degrees. The ſuperior planets being fur- 
ther diſtant from the ſun than the earth, their orbits 
include the earth's orbit. And therefore they ſeem 
to move about the earth ; ſometimes coming nearer 
5 to 
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to it, and appearing Ges at cher times being 


further off, and appearing leſſer. Thus when 
Mars is in oppoſition to the ſun, he is 5 times 


nearer than in his conjunction, and appears 5 times 
greater in diameter. 

The inferior planets being opake ſpherical . 
dies, enlightened by the ſun, will have the ſame 
phaſes in regard to their enlightened parts as the 
moon has. But they cannot be perceived without 


a teleſcope. Thus if E be the earth; A, B, C, 


D ſeveral places of an inferior planet in its orbit, 


enlightened by the ſun S in the center of its orbit. 
*Tis evident, that half of the planet which is turn- 


cd towards the ſun is enlightened, whilſt the oppo- 


ſite ſide is in the dark. And fince only that fide 


which is turned towards the earth can be ſeen. by 
an obſerver; therefore more or leſs of the illumi- 


nated ſide of the planet will be ſeen, according as 
the light ſide is more or leſs turned towards him. 
Thus the planet at A, has its dark fide turned to- 


wards him, being upon the earth at E; and there- 


fore it cannot be ſeen. Moving toward B part of 


the illuminated fide will be towards him; and the 


planet will appear horned like the old moon. At 


B, half of it, will be towards him, and it will ap- 
pear like a half moon. Between B and C, it will 
appear gibbous; and at C the whole illuminated 
face is turned towards him; and it would appear 


like the full moon. Beese C and D, it would 


appear gibbous again. At D, like the half moon, 
between D and A horned, like the new moon ; and 
at A inviſible. If the planet, when at A, happens 


to be in the plane of the earth's orbit, or in a node, 
it will appear like a ſpot in the ſun's face. 

As to the ſuperior planets, ſince they move 
about the earth; their illuminated hemiſphere will 


always be turned towards the earth; except in 
Mars, who by reaſon of his nearneſs, has part of 


his 
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his illuminated hemiſphere turned from us, in his Fig, 
quadratures with the ſun; and then he appears 12. 


gibbous. 


Cor. 1. The inferior planets are a "Om direct mia 
furtheſt from the earth, and appear then leaſt , and 


they are always retrograde when neareſt the earth, and 
appear then biggeſt. 


Cor. 2. The ſhorter the periodic time 7 an inferior 
planet is, the more frequent are its ſtations and retro- 
gradations; but the ſhorter time they —— and are 
 affo leſs in quantity. 


Cor. 3. The ſuperior planets are akways fires, 
when in conjunttion with the ſun; and retrograde 
._ in oppoſition to him. 


. Cor. 4. The longer the periodic ons of a ſuperior 
Planet is, the more frequent are its ſtations and re- 


trogradatious; but they are leſs, and continue a lon- 
4 a” time. 


Cor. ff The infer planets never „ ge * 1 
the ſun, than the apparent Jemidiameters of their. or- 
bits ſeen from the earth ;, which in Mercury is 30 de- 
grees, in Venus 45. 


Cor. 6. When an inferior plant i is direct, it ap- 
pears full or gibbous z when it is retrograde, it is 
2 or elſe diſappears; and when ſationary, "tis 
nearly biſeaed. ; 

For the former happens at its greateſt diſtance, 
and the latter at its leaſt, from the earth; z in the 
middle time it is ſtationary. 


Cor. 7. In all the planets the dire motion is fifth 
eſt, when the ſun is between the planet and the earth; 
and the retrograde motion is ſwifteſt, when they are 
beth on one fide the ſun, in a right line. 
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For the former motion is compounded of the 
motion of the planet, and that of the earth; and 


the latter is the difference thereof. 


PRO B. VI. 


Fo deſcribe the order and magnitude of the fixed ars. 


If one looks up in a clear night, he will ſee the 
hemiſphere all over adorned with a multitude of 


ſtars, ſeemingly innumerable, which appear of dif- 
ferent degrees of bigneſs and brightneſs. Some have 


ſuppoſed that they are all placed at the ſame diſ- 


tance from us, in a concave ſpherical ſurface, and 


that their appearing of different degrees of bright- 
neſs is, becauſe they are in themſelves of different 
magnitudes, 'the greateſt appearing the brighteſt, 
and the leaſt appearing faint and dull, by reaſon 
of their ſmallneſs. But others with more reaſon, 
ſuppoſe them to be at different diſtances, and then 
thoſe that are neareſt will give the brighteſt light, 
while thoſe that are far off will but ſhine very 


faintly. And ſome may be ſo far diſtant as not 


be viſible. And indeed the uſe of the teleſcope 
diſcovers to us innumerable ftars which cannot 

ſeen at all #:1th the naked eye; among which ſome 
are brighter, and ſome ſo dim as hardly to be per- 


8 ceived with the teleſcope. Beſides the greater the 


magnify ing power of the teleſcope is, the more 
ſtars are viſible thro' it. Whence it is very proba- 


ble, that there is an innumerable multitude of ſtars 
placed at certain diſtances thro' all ſpace; at leaſt, 
further than we can make any obſervations. And 
yet theſe ſtars may not be preciſely all of the ſame 
bigneſs, but may admit of ſome variety in their 


magnitudes. f 


But however this may be, Aſtronomers divide 
them into certain magnitudes according to their ap- 


parent 
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parent bigneſs or brightneſs. The brighteſt, they 
call ſtars of the firſ# magnitude; the next are ſtars 


of the ſecond magnitude; and ſo on to the ſixth mag- 
nitude, which is the laſt. And all ſtars that can 


only be ſeen thro' a teleſcope, they call zeleſcopic 


ſtars, or ſtars of the ſeventh magnitude. But we 


are not to ſuppoſe that all the ſtars of any one mag- 
nitude are exactly of the ſame bigneſs, there being 


a great variety, ſome bigger and ſome leſſer in 


every ſort. And for that reaſon, there are ſome 
ſtars that are put into different claſſes, by different 
ople. | 


| © The diſtance of the fixed ſtars is ſo immenſely 


great, that no method could ever be uſed to find 
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the diſtance of the neareſt of them. For altho' in 


half a year's time we are tranſlated from one ſide 
to the other of the earth's orbit; yet this does not 


make the leaſt difference in the appearance of the 
ſtars . or their magnitudes, or diſtances; no not 
with any inſtruments. So that if we were placed 
in any part of the ſolar ſyſtem, even in Saturn, we 
ſhould ſee the ſame face of the heavens, the ſame 


ſtars, and in the ſame places. 


T hat the ſtars ſhine with their own innate light 
is evident, from this, that it is impoſſible the light 


of the ſun ſhould reach them at that diſtance, and 
be reflected back to us, ſo as to become viſible. 


And there can be no other light but the ſun to do 
it; for if there was, it muſt be viſible. And 
therefore it is extremely probable that the fixed 
ſtars, are ſo many ſuns, placed in different parts of 


ſpace, for the ſame uſe or a like office, that ours 


is placed here. i; 1 
The largeſt catalogue of the ſtars that we have, 
is that of Mr. Flamſteed's, which contains 3ooo ſtars, 
13 of which are of the firſt magnitude; but then 
many of them are teleſcopic ſtars. And by this 
catalogue, the place of the leaſt ſtar, to be ſeen 
D.2 =. in 
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Fig. in che heavens, is better aſcertained than the places 


the exact places of the fixed ſtars, the orbits of the 


Knowledge of this, all aſtronomy is founded. 


cilitate the counting of them, you may fix three or 


ſame poſition and diſtances from one another with- 


mical obſervations have been made. By this they 


P1TED STARS 


of moſt of the cities or towns in the world. And 
this is abſolutely neceſſary ; for without knowing 


e could never have been found. Upon the 


That all the viſible ſtars in the firmament do not 
exceed that number, may ſeem ſtrange; but it may 
be demonſtrated thus. Take a tube whoſe length 
to the width is as 100 to 97, cover one end with 
a thin plate having only a ſmall hole to look thro'. 
And then in any ſtar-light night, if you look thro? 
it at any part of the heavens, and keep it ſteady ; 
you'll ſcarce be able to reckon 100 ſtars. To fa- 


four threads acroſs the mouth of the tube to divide 
it into ſmaller ſpaces. Now this tube takes in a 
proſpect of a tenth part of the hemiſphere, as may 
eaſily be demonſtrated by geometry, _ 

It is the peculiar property of the fixed ſtars, that 


they never change their places, but keep always the 


out any variation; and have done the ſame from 
the earlieſt ages of antiquity, wherein any aſtrono-. 


become the ſtandard and rule for all motions that 
are made in the heavens, and of the ſituation of 
all bodies that come there. There are indeed ſome 
| ſtars that diſappear for ſome time, and after ſome 
time make their appearance again; and others that 
never appear agam ; which is ſuppoſed to be owing 
to certain dark ſpots upon their ſurfaces, which co- 
ver either the whole or a part of their bodies; and 
in their rotation they ſometimes turn their dark ſide 
to us. But none of them was ever known to change 
their places, EMS = 
Likewiſe there have ſometimes appeared. new 
{tars, in the heavens, or ſome that never were ob- 


ſerved 
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ſerved before ; and after ſtaying a while, have dif. Fig. - 
appeared, and been no more ſeen. It is probable | 
that their appearing and diſappearing is owing to 
the © forementioned cauſe, viz. a dark fide and a 
bright one, which they ſucceſſively turn towards 
us by a flow rotation round their axes. And that 
ſuch as never appear again have their whole bodies | 
5 covered and overwhelmed with dark clouds and | | 
= Afſpots, impenetrable to the rays of light. = | 
| It is remarkable that thro* the beſt teleſcopes, 
a fixed ſtar only appears like a lucid point without 
any ſenſible magnitude. This ſhews at what an 
amazing diſtance the neareſt fixed ſtars are placed, 
ſince they cannot be magnified by the beſt teleſ- 
copes. Their ſparkling is likewiſe a proof of their 
ſmallneſs; for a pencil of rays coming from a ſtar 
is fo very ſmall, that any ſmall particle of the at- 
moſphere will ſtop it, or turn it out of the way; 
which is the cauſe of ſparkling. 
There is a ſort of ſtars, called ncbulous ſtars, from 
their appearing like a bright cloud. When theſe 
are looked at thro' a teleſcope, they are found to be 
a cluſter of very ſmall ſtars, not to be diſtinguiſh- 
ed ſingly, by the naked eye. And indeed to what- 
ever part of the heavens the teleſcope is directed, 
numbers of ſmall ſtars will appear, which are in- 
viſible to the naked eye. 5 
As it is impoſſible to diſtinguiſh or know alt the 
ſtars by particular names ; therefore, for the more 
eaſy deſcribing or pointing out any one ſtar, aſtro- 
nomers have divided all the ſtarry heavens into cer- 
tain figures, which they imagine any collection of 
the ſtars to repreſent; each figure conſiſting of a 
great number of ſtars. And theſe figures or images, 
they call the Conſtellations, | 
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To deſcribe the number of conſtellations in the hea= 
vens. re | 


For the more eaſy finding any ſtar, or its place 
in the heavens ; aſtronomers have divided the whole 
ſurface of the celeſtial ſphere into parcels, which 
they call Conflellations. A Conſtellation is a collec- 
tion of ſtars, bounded by ſome figure in the ſhape 
of ſome animal or ſuch other thing, as they ſup- 
ſe the ſtars contained in it to repreſent. By 
elp of this artifice they can find any particular 
ſtar, or direct one to it, by naming the conſtella- 
tion, and the part of it, in which it is to be found. 
Theſe conſtellations are painted on the celeſtial 
globe; and in each conſtellation the principal ſtars 
are marked ſeverally with the letters of the Greek 
alphabet; by which means, it is eaſy to find any one 
ſtar by that letter, which is a name for it, or has the 
office of one. | 
The celeſtial ſphere is likewiſe divided into three 
regions. The middle part is the Zodiac, which is 
a zone of 16 degrees breadth, running round the 
globe, parallel to the ecliptic, being 8 degrees 
broad on each ſide of it. This conſiſts of 12 con- 
i ſtellations. The northern part reaches from the 
(| zodiac to the north pole of the ecliptic, and contains 
28 conſtellations. The ſouthern part reaches from 
the zodiac to the ſouthern pole, containing 37 
conſtellations. I ſhall ſet down the names of all 
theſe conſtellations, and the number of principal 
ſtars that each contains. | 
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Sed. I. CONSTELLATIONS: 


The 12 conſtellations in the zodiac, and their 


characters, are theſe, 


Aries , 20 ſtars.] Libra &, 20 ſtars. 
Taurus 8, 53 Scorpio m, 25 
Gemini n; 33 Sagitary 7, 22 
Cancer S, 31 Capricorn , 30 


Leo K, 45 | Aquarius =, 40- 


Virgo mz, 50 Piſces , 39 


The ecliptic, which is the plane of the earth's or- 
bit, continued to the fixed ſtars, runs thro? the 


39 


Fig. 


middle of theſe, and is divided into 12 equal parts, 


called the 12 ſigns, whoſe names are theſe. But theſe 


diviſions do not now fall upon the divifions of the 


conſtellations, as formerly. For by the preceſſion 
of the equinoxes, theſe diviſions are moved almoſt 

o degrees back, whence the conſtellations ſeem to 
2 moved ſo far forward. 


The northern part of the ſphere bonner con- 


ſiſted of 21 conſtellations. And thoſe ſtraggling 


ſtars, lying between, which were taken into none 


of the conſtellations, they called anformed Stars. 


But later aſtronomers, have made new conſtellations 


of them, to the number of 7. Whence the whole 


number of conſtellations in the northern hemaſe 


phere are 28. 


"Shar. | © | Stars. 


1 Urſa minor 19 1o Lyra * 


2 Urſa major 39 i Tygris - 38 


3 Draco 37 12 Cygnus 29 
4 Cepheus 34 13 Sceptrum 17 
5 Camelopardalus 28 14 Caſſiopeia 30 
6 Jordanus 31 1x5 Perſeus 40 
+ Boom © 38 16 Auriga 2 
8 Corona borealis 9 17 Serpentarius 31 


9 Hercules 34 18 Serpens 18. 
7 BH 4 - Tg ds 


1 Cetus 
2 Orion 
3 Eridan us 
4 Lepus 
5 Canis major 
6 Columba 
7 Canicula 
8 Monoceros 
9 Navis 
10 Hydra 
11 Crater 
12 Corvus 
13 Crux 
14 Centaurus 
15 Lupus 
16 Ara 
17 Corona auſtralis 
18 Piſcis auſtralis 
19 Grus 


 CONSTELLATIONS. 


40 
Tio. {.- ns. 
| Pg. — 8 
E 20 Aquila \ 24 
21 Antinous 12 
22 Delphinus 4 
23 Equiculus 2 


24 Pegaſus 24 
25 Andromeda 34 
26 Triangulum 5 
27 Irinus 7 
28 Coma Berenices 13 


Among theſe conſtellations, there are ſeveral near 
thepole, that never ſet, but continue always above 
the horizon here in latitude 52. -: 3: 

Again, the ſouthern part of the ſphere contains 
15 conſtellations which the ancients remarked; and 
16 new ones that lie under the horizon to us, and 
are never ſeen ; being about the ſouth pole. Theſe 
have been diſcovered by later aſtronomers ; with ſe- 
veral unformed ſtars, reduced lately into conſtella- 
tions. All which are theſe. 


Stars. | Stars. 
28 - 20 Phcenix 13 
„60 21 Indus I2 
36 22 Pavo 14 
13 23 Apus 11 
19 24 Muſca 4 
11 25 Cameleon 10 
31 26 Triangulum auſtrale 3 
23 27 Piſcis volans 7 
46 28 Dorado 2 1 
29 29 Nubes 3 
11 30 Toucan 3 
9 31 Hydrus 10 
4 32 Nubicula - 
35 33 Rhomboides 4 
21 34 Royal oak 10 
7 35 Lynx 19 
13 36 Vertagus 23 
17 37 Unicorn 
*$ 


Seck. I. SOLAR SYSTEM: 


And ſome more of leſſer moment are mentioned by Fig. 


ſome authors. 
All the planets move in the Zodiac, and all 


| their motions are contained within the bounds of 


it. 

The milky way is a white broad circle going 
round the whole heavens; in ſome places it is dou- 
ble. When this is looked at with a teleſcope, it 


41 


appears to be tull of innumerable fixed ſtars, which 


are inviſible to the naked eye; and by the united 


force of their light, they illuminate that part of 


the heavens. Theſe we call Nebulous Stars, are of 

this kind. There are ſome of theſe towards the 
Antarctic Pole. 

There are alſo in the heavens, ſeveral whitiſh 

ſpots, which viewed thro' a teleſcope, appear very 

bright ; but no ſtars appear in them. So that if 

there be any in them, they muſt be ſo ſmall as not 


to be ſufficiently magnified by a teleſcope, to be- 


- come viſible. 


Some of the largeſt ſtars have particular names, 


as Syrius, Ardturus, Pole Star, Aldebaran, CY 
&c. 


EF 0 B. IX. ; 
4h; o give a 2 repreſentation of the ſolar ſyſtem. 


Suppoſe yourſelf placed on a wide moor or large 
extended plane, and 1 in the middle of it let there 
be erected a globe 5 + feet diameter, which ſuppoſe 
to be the Sun, ©. 

At 80 yards diſtance from the ſun erect a globe 

+ inch diameter to repreſent Mercury, $. 

At 140 yards from the ſun ſet up a globe near 
3 inch diameter for Venus, 2. 

At 200 yards from the ſun ſet * a globe ; inch 
diameter for the Earth, O. 


1 


At 


13. 


SOLAR SYSTEM: 


Fig. At 300 yards from the ſun place a globe x inch 

13. diameter for Mars, 8. f 

At 1040 yards (or p more than half a 
es diameter for Ju- 


mile) place a globe near 6 + inc 
piter 1. 

At 1 f mile from the ſun ſet up a globe 5 inches 
diameter for Saturn, h. 


Again, at near 2 feet diſtance from the earth ſet | 


up a globe + inch diameter for the moon, 
And at the reſpective diſtances 1 2, 2, 3 2, 6 
feet from Jupiter, ſet up 4 little globes like the 


moon for the Satellites of Jupiler. 


And at the diſtances 2, 2 2, 3 2, 8, 25 feet from 
Saturn reſpectively, ſet up 5 other little globes like 
the moon, for the Satellites of Saturn, 


And thus you have very nearly the true propor- 5 
tion of all theſe great bodies to one another, and 
to their reſpective diſtances from each other, as 


they are in the heavens: which therefore is a true 


repreſentation of the ſolar ſyſtem. Where note an 


inch repreſents 10,400 miles, and a yard 370,000 
miles, in round numbers. 
Now ſuppoſe ſeveral large circles to be drawn 


. thro? the places of the bodies h, u, 4,0, 2, 


and $, whoſe common center is the O. And 


imagine theſe bodies to be carried about the ſun 


in theſe circles, by ſeveral men. And let each of 
theſe men move in his proper circle, with his left 
hand towards the ſun, and with ſuch a motion, as 
to walk ſo many miles in a minute, viz. $ 35, 
£24, O21, 4165, 1, H643. By this means 
the earth will move round the ſun in an hour, 


which here repreſents a year; and the others in 
Proportional times, n to their ſeveral pe- 


riods. 
Whilſt the earth moves in his circle round the 


fun, cauſe the moon to move the ſame way, and 
| nearly 
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Seck. I. 80 L AR SYSTEM: 
nearly in the ſame plane, about the earth, for its Fig. 
center; in a circle 2 foot diſtance from it; per- 13. 
forming a ſynodic revolution in near 5 minutes. 
Alſo whilſt the earth moves in his orbit, cauſe it 
to revolve about its axis the ſame way as it moves 
about the ſun; ſo as to make one rotation in near 
10 ſeconds, whilſt its axis always remains parallel 
to itſelf, and elevated 23 4 degrees. Te 
But we are not to ſuppoſe, that theſe bodies in 
the heavens are carried in this manner about the 
ſun in their proper orbits, by ſome intelligent be- 
ings that are always to attend them, as theſe bo- 
dies here deſcribed are carried by men. For there 
are two or three laws of nature which perform all 
this. Likewiſe we here ſuppoſe all theſe bodies to 
move in one plane ; but in the heavens each of them 
moves in a ſeparate one, but then they are very 
little inclined to one another, and may therefore 
be looked upon to be nearly in the ſame plane. 
Likewiſe their ſeveral orbits are here ſuppoſed to 
be circles; but in the heavens, they are ellipſes 
very near to circles, and therefore may be ſuppoſed 
ſuch : this repreſentation being deſigned only to, 
give a general idea of the planetary ſyſtem. o 
Laſtly, at the diſtance of about 300 miles, if 
you ſuppoſe ſome more globes ſet up, like the ſun; 
theſe will repreſent ſome of the neareſt fixed ſtars. 
For ſince the fixed ſtars have no ſenſible parallax, 
from the annual motion of the earth; the diſtance 
of the neareſt fixed ſtars, muſt be 2 or 3 thouſand 
times more than the diſtance of the fun. And 
therefore cannot be leſs than 300 miles. 


ScHOLIU M. 
All theſe ſeveral diſtances being laid out in their 
true proportions, will give a more juſt idea of the 


ſolar ſyſtem, than any orrery or mechanical machine 
„ whatſo- 


* 


44 
Fig. whatſoever ; tho' theſe ſorts of machines are con- 
13. trived very well for ſhewing their reſpective mo- 

tions; but by the ſmall compaſs they are contained 
in, can give no idea of their diſtances. And what 
a grand idea muſt this * us, of the immenſity 


logy of all its parts. 


SOLAR SYSTEM: 


of the univerſe; and of the regular diſpoſition of 


all the celeſtial bodies; and the wonderful harmo- 


ny they obſerve in their motions? And nothing can 


be more ſublime than the ſpeculations and diſcove- 


ries which aſtronomy affords us, in contemplating 
the ſyſtem of the world, and the beauty and ana- 


— awlh 
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Afronomical Problems, depending on the 
Circles of the Sphere ; Jun by Ca 7 


culation. 


I — 


— 


LTHOUG H the celeſtial bodies are 5 Fils. 
| A ed at different diſtances from the earth; ſome © 
being vaſtly remote, while others are nearer hand. 
Yet a an obſerver, living upon the earth, is not ſen- 
ſible of theſe different diſtances; and therefore he 
imagines all remote objects in the heavens to be 
placed in one concave ſurface, whereof the earth 
whereon he lives, is the center. Thus the ſun, 
moon and ſtars, ſeem to be placed in one and the 
ſame concave ſurface of the heavens, and therefore 
appear all at the ſame diſtance from the earth. Upon 
this account aſtronomers, for the eaſe of calculation, 
have ſuppoſed all the celeſtial bodies to be placed in 
the ſurface of this ſphere, while the earth is ſuppoſ- 
ed to be no more than a point in the center of it. 
Likewiſe, altho* in reality, the earth turning 
about its axis in 24 hours is the cauſe of day and 
night; and its moving thro' the ecliptic or its own _ 
orbit in a year cauſes "all the ſeaſons of the year : 
yet becauſe all appearances and places of the celeſ- 
tial bodies will be exactly the ſame, whether the 
earth moves and the heavens ſtand ſtill; or the 2» 
earth is at reſt, and the heavens move; therefore 
it is the ſame thing i in effect whether of them we 
ſuppoſe to move. Therefore aſtronomers chufe to 
| ſuppoſe the earth to be at reſt, and aſcribe all theſe 
motions to the celeſtial bodics, and ſuppoſe*them 
to have the very ſame motions which they ſeem to 
have; —_—_E no motion to the earth, as it ſcems 
to 


© :. ASTRONOMICAL: 
Fig. to have none. By this means all theſe relative mo- 
tions are eaſier apprehended, as people are accuſ- 
1 tomed to think this way; and the calculations of 
all problems of the ſphere become more ſimple. 


DEFINITIONS. 
N LOL I 
14. The Equino#ial or Equator EQ is a great circle 
of the ſphere, which is go degrees diſtant from the 

. poles of the world P, p; which are alſo the pes 

of the equinoctial. P the north pole, p the ſouth 
pole. And Pp the axis of the world. This circle 
is made by producing the earth's equinoctial, till 
- .it cuts the ſtarry heaven, and its axis is made by pro- 
ducing the axis of the earth to the ſtars at Pand p. 
This circle divides the world into two hemiſpheres, 
the northern EPQ, and the ſouthern EpQ. It is 
called the equinoctial, becauſe when the ſun is in it, | 
the days and nights are equal all over the world. 
And this happens twice in the year, in March and 
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September. | : 
This circle is divided into 350 degrees, begin- 
ning at the firſt point of Aries, where it interſects 
the ecliptic, and reckoned eaſtward. The whole 
heavens and all their furniture ſeem to turn round 
the earth, parallel to this circle, from eaſt to weſt, 
in 24 hours time; ſo that by the diurnal motion, a 
celeſtial body deſcribes 15 degrees in an hour, and 
15 minutes of a degree in a minute's time; or a 
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degree in 4 minutes. | 

And hence any body placed in the equinoctial 
vill ſeem to deſcribe a great circle in the heavens ; 

and thoſe at a diſtance will deſcribe leſſer circles, 
which will be the leſs, the nearer they are to the 
pole. And a ſtar which is in the pole, will be at reſt. 

This circle belongs originally to the earth, and 

is transferred to the heavens only upon account of 

the 
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the diurnal motion of the heavens, which is only Fig. 
an apparent motion in them. ; _ 


The right aſcenſion of the ſun or a ſtar 1s count- 


ed upon this circle; and alſo the longitude of places 


upon the earth. 8 
5 DEB | 
The Ecliptic KL, is a great circle, cutting the 


equinoctial EQ at C, in an angle of 23 2 de- 


grees, or rather 23 degrees, 29 minutes. Theſe 
points of interſection are called the equinoctial 

oints that is, the vernal equinox, where the ſun 
is in the ſpring; and the autumnal equinox, where 
he is in autumn. The points K, L, which are go 
degrees from the equinoCtial points C, are called 
the Solſtitial Points, K the Summer Solſtice; and L 
the Winter Solſtice, The ecliptic is divided into 12 
equal parts, called the 12 Signs, and each ſign in- 


to 30 degrees. h 


This circle runs thro*-the middle of the Zodiac; 


and in the ſame circle, the ſun ſeems to move 
round the earth in a year. For fince the earth is 
carried round the ſun, in its proper orbit in the 


ſpace of a year; a ſpectator in the ſun would ſee 
the earth deſcribe this circle in the heavens; and a 


ſpectator in the earth would ſee the ſun deſcribe 


the very ſame circle, by its apparent motion. All 
the difference is, theſe two ſpectators would ſee 
the earth and ſun in oppoſite points of the orbit; 
or in conjunction with ſtars, which are diametri- 


_ cally oppoſite ; but the apparent motion will be 


the ſame whether ever be ſuppoſed to move. The 
ecliptic 1s divided by the equator into two equal 


parts, in the equinoctial points Aries and Libra. 


And aſtronomers begin to reckon from the begin- 
ning of Aries or the vernal equinox, going eaſt- 
ward. The ſix ſigns which lie on the north ſide of 
the equinoctial, are called northern Signs, which be 
, $, u, s, K, m; and thoſe fix on the ſouth 
fide the equinoctial, are called ſouthern Signs; 

7 | : which 
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Fig. which are, &, m, f, F, =, X. As the begin- 
14. ning of » and , are the equinoctial points; ſo 


ASTRONOMICAL , 


the beginning of es and W, are the ſolſtitial points. 


or in antecedentia. . 
When two planets, &c. are referred to the ſame 


Alſo the aſcending ſigns are , , M, Y, 8, nz 
and the deſcending ones, 5, &, m, a, m, f. When 


the motion in the ecliptic is made according to the 


order of the ſigns, from v to &, and from 8 to 
u, &c. the ſame way that the ſun ſeems to move, 


it is ſaid to be forward or in conſequentia. But if 
the motion be the contrary way, from 8 to Y, 
from v to X, &c. then it is ſaid to be back ward 


Point of the ecliptic, they are ſaid to be in conjunc- 


Zion (whoſe mark is 6); and thoſe that are referred 
to oppoſite points, are ſaid to be in oppoſition (the 


mark is 8). If they are 3 ſigns diſtant, they are 


in a quartile aſpe& (c). If 4 ſigns diſtant, a trine 
aſpect (A). If 2 ſigns off, a ſextile (*). Each 
of the ſigns is divided into 30 parts or degrees, 
and each degree into 60 minutes, &c. like all cir- 


cles of the ſphere. The ſun continues about a 


month in one of theſe ſigns, and goes through al- 
moſt a degree thereof every day. Tho' the ſun al- 
ways keeps in the ecliptic ; yet the planets all de- 


viate therefrom more or leſs, ſometimes being on 
the north ſide, and ſometimes on the ſouth. Yet 
they are all contained in the bounds of the Zodiac. 
Since the ecliptic cuts the equinoctial in an angle of 
23* 29/; therefore the poles of the ecliptic are 23? 
29! diſtant from the poles of the world. The point 


of the ecliptic which riſes is called the horoſcope. 
The higheſt point of it is called the zonageſimal 
degree; the point in the meridian 1s the culminating 


point, or medium cali. The oppoſite point, the 
imum cali, The equinoctial and ſolſtitial points, are 
called the four cardinal points; and the four ſeaſons 
of the year begin with them. The ſpring with Y, 
| | = „ ſummer 
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ſummer with es, autumn with , and winter with Fig. 
; the ſun being in them at theſe times. I 
The longitude of the ſun or a ſtar is counted 
upon this circle, . 

1 DE F. | 
The Herizos HO, is a great circle, dividing 

the upper from the lower hemiſphere. This circle 
divides the heauns from the earth; and its poles 
are Z the zenith, or the point of the ſky over our 
heads; and N the zadir, being the point direaly 
under our feet. | 

The /enfible horizon, is the circle round us, where 
the ſky ſeems to touch the earth; and is made by 

a plane touching the earth at the point we ſtand 

on. The rational horizon, is that made by a plane 
parallel to the former, and paſling thro? the cen- 
ter of the earth. But both theſe become the ſame 
when extended to the ſphere of the fixed ſtars, 

The horizon ſhews the riſing and ſetting of: the 
heavenly bodies; and divides the day 1 the 
night. For when the ſun or a ſtar is in the ho- 
rizon, it is ſaid to be riſing if it comes above it; 
or to be ſetting, if it goes below it. And the time 
the ſun continues above the horizon, is called Day. 

And the time it is under the horizon is Night, © 
It is plain the horizon is a variable circle, for 
there is a different one for every different point of 
the globe. So that a traveller never keeps the ſame 
horizon. 8 $2 y : 

This circle is divided into 4 quarters or qua= F 
drants; and the points of diviſion are the eaſt, _ 

weſt, north and ſouth, called 'the four cardinal points. 

The eaft is where the prime vertical cuts the horizon 
towards ſun- rĩſe, and the weft where the ſame cir- 

cle cuts it towards ſun-ſet. The /outh is where 

the meridian. cuts the horizon towards the ſouth 

pole; and the north where the ſame circle cuts it 
5 1 towards 
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80 ASTRONOMICAL —©_ 
Fig. towards the north pole; - which to us is the ele- 
14. vated pole. 5 85 
The azimuth or amplitude of the ſun or a ſtar 

is counted upon this circle. And upon this circle 
are drawn the mariners 32 points of the compaſs. 

It is owing to this circle that all the celeſtial mo- 
tions become fenſible ; and it is a ſort of a gage or 
landmark, whereby to judge of the quantities of 
theſe motions. | ; | . 


85 D | 
Meridians are great circles as PAp, ing thro? 
the poles of the world, P, p; i, 3 are 
perpendicular to the equator EQ. Theſe are alſo 
called hour Circles. . And upon the earth theſe cir- 
cles are circles of longitude. Upon theſe circles, 
the declination of a ſtar is counted. And'the lati- 
tudes of places on the earth are counted on theſe 
meridians. | . 


„V 3 | 
Meridian of a place, is that meridian which paſſes 
_ thro? the zenith of that place, as PZpN. This cir- 

cle paſſes thro' the north and ſouth points of the 

horizon, H and O. When the ſun is in this circle 

above the horizon, it is oon; and under the hori- 

20n it is midnigbt. It divides the world into two 
. hemiſpheres, the eaſtern and weſtern. Thoſe that 
live under the ſame meridian have noon and mid- 
night, and all the hours, at the ſame time. A tra- 
veller going eaſtward or weſtward, continually 
changes his meridian. The celeſtial meridian is 
only the terreſtrial one extended to the heavens. 
On this circle the latitude of the place is reckoned 
as EZ, which is equal to the height of the pole OP. 
5 J 
Vertical Circles are great circles as ZBN, paſſing 
khro' the zenith and nadir; and therefore are per- 
pendicu- 
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dicular to the horizon. The altitude of a ſtar Fi Se 


is counted in one of theſe circles. 


DF. 


Eten Colure is a meridian Pop, paſſin g thro? 
the equinoctial points at C. This is perpendicular 
both to the ſolſtitial colure, and to the equinoctial. 


D E F. VIIII. : 


 Solftitial Colure 1s a meridian PKPL, paſſing thro* E / 
the ſolſtitial points K, L; or the points wheye the 
ſun is higheſt and loweſt in the courſe of th year. 


This is perpendicular to the equinoctial colure and 


to the . | 8 
D E F. 1K. 5 

Prime Vertical is that vertical circle ZCN, which 
paſſes thro? the zenith, and is perpend icular to the 
meridian, and to the horizon. This cuts the horizon 


in the eaſt and weſt points. The eaſt eng toward 
ſun-riſe, . and the weſt toward ſun- ſet. 


"DEF. A | 

Z Circles of 8 in the heavens, are great cir- 
cles paſſing thro? the poles of the. ecliptic R and 

n; and therefore are perpendicular to the ecliptic. 

The latitude of the ſtars is counted on theſe circles.” 


| 'D E F. 

The 7 . are two leſſer circles KD, FL, pa⸗- 
rallel to the equator, and paſſing thro? the ſolſtitial 
points K and L; therefore they are 237 29“ diſtant 
from the equinoctial. The north one KD is the 
| tropic of Cancer; the ſouth one FL, the tropic of 
Capricorn. When the ſun is at the tropics it ſeems 
to ſtand ſtill awhile, and then return back. 


DE F. itt. 
The polar Circles are two leffer circles MR, mr, 
diſtant from the poles 1 „P, 23% 29“. The northern 
. 


3 ASTRONOMICAL 
Fig. one MR is the arctic gircle; the ſouth one mr, the 


14+ antarctic circle. 
- 1. F;. 2200, 


Parallel of latitude, on the earth, are leſſer cir- 
Fs KD, parallel to the equinoctial. But in the hea- 
vens, they are leſſer circles, parallel to _ ecliptic, | 


as ST. 

h DF. ITE: 
Parallelt of altitude, are leſſer circles 25 GI pa- 
5 rallet.co the beinen. 

WO E . 


Parallels of declination, are leſſer circles parallel 
to the equinoctial as KD. 


D E F. XVI. 


T.atitude of a place, is an arch of the meridian 
contained between the equinoctial and the place 
given, as ES is the latitude of 8. This is 3 
to the height of the pole above the horizon. 


DE F. XVII. 


| Latitude of 4 Star, is an arch of + cheeks of 
longitude contained between the ſtar and the eclip- 
eee RI Os 


D E F. XVII. 


Declination of a Star, is an arch of the meridian 
contained between the ſtar and the * 
Thus ES 1 is the declination of 8. 


D E F. XIX. 


Altitude of 4 Star, &c. is an arch of a vertical 
circle contained between the ſtar and the Ts 
as VB is the altitude of V. | | 


1 ä DEF. JO. 


Axinutb 1 13 an arch of che horizon contained be- 
tween 


ds. A wW©Wwwu_ «ac 


a VWs to. OA 


3 
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e tween the ſtar's azimuth circle, and the north point. Fig. 
BO is the _ of V. 1 
DEF. XXI. 


Amplitude i is an arch of the horizon between that 
point where the ſun or a ſtar riſes, and the eaſt or 
weſt point. As CB is the amplitude of 88. 


> 'D E F. XXII. | 
Right Aſcenſion, is an arch of the equinofiit 
| reckoned from the vernal equinox to the fun or 
| ftar's meridian. Thus CA is the right aſcenſion 
of V, if it is between C and K; orelſe CEA, if 
V is beyond the tropic K. 
HE F. 2m 
Aſcenfional difference, is an arch of the equinoctial, 
between the ſun's meridian, and the point of the 
equinoctial that riſes with him. Or it is the angle 
at the pole between the ſun's meridian, and the fix 
— meridian, Thus the aſcenſional difference 
rung or the angle YPC. | 
DE F. 1 
O3lique Aſcenſion or deſcenſion is the ſum or UE. : 
ference of the right aſcenſion, and the aſcenſional 
ER Or it is the 323 from the firſt point 
of Aries, to that point e cqQuators that riſes or 
ſets with the ſun, or any ſtar. 
DEF. XXV. 


| Longitude of the Sun, is an arch of the ecliptic 
contained between the firſt point of Aries, and the 
ſun; and of a Star, contained between the firſt 
ical pon of Aries, and the ſtar's. circle of longitude. 
hus CX is the longitude of the ſun at X. 


1 


2 


el 


D E F. XXVI. 


| Longitude of a Place, is an arch of the equator 
between the firſt meridian, and the meridian of the 
K 5 | place. 


54 
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place. And difference of longitude, is the angle at 


. the pole between the meridians of two places. As 
ns = = dit. longitude of A and 8. 


D E F. XXVII. 


Hour of the day is an arch of the RO be- 
tween the meridian of the place, and the fun's me- 
ridian. As if the fun be at A, then AE is the hour 
at the places 8, K, E, G, &c. _ 

All altitudes, azimuths, amplitudes, &c. di in 


general all diſtances relating to the ſphere, are mea- 


ſured by degrees, and minutes, as explaingd-in the 
trigonometry. In ſolving any Problems of the ſphere, 
there is no occaſion. for drawing the whole ſphere ; 


it will be ſufficient in moſt caſes to draw only a tri- 


angle or ſuch a part of it, as contains the condi- 
tions of the Problem. And then all the following 
Problems will be ſolved upon this hypotheſis, that 


the earth ſtands ftill, and that all the celeſtial bo- 


dies are in motion. The ſolution of Aſtronomical 


Problems is only the — of * Tri- 


15. 


e to N 


| PROB. I. 
Given hs place of the fun i in the eclptic z to 0 find 


125 right aſcenſion and declination. 


Let CG be the ecliptic, CA the PEST 0 


the vernal equinox, G the place of the ſun, and 


GF a meridian paſſing thro the ſun. Then CF is 


the right aſcenſion, and GF the declination. In 


all theſe Problems, we ſuppoſe the angle GC, 


which the ecliptic makes with the equator, to be 


given, which is 29? 8 Then in the right an- 
G 


gled ſpherical triangle CGF, there is given CG the 


lon” 8 N and angie GCF the obliquity of 


| the 
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the eclipitc. Therefore by Caſe: 1. "OY angled Figs 
ſpherical triangles, to find CF, c 3 
Radius: 
Coſ. obliq. . GCF: 
Tan. ſun's longitude GG : EO, 
— +.  " Ia. right aſcenſion CE, == | . 
And by Caſe 2. to find GF, 9 
| ——_— 
S. obliq. ecliptic oc: 
S. ſun's longitude CG: 
S. declination GF. | | 
If the ſun's longitude be _ than a quadrant; 
his right aſcenſion. will be ſo too; but his declina- 
tion never exceeds 23® 2 Alſo if the ſun be in 
the northern ſigns, his declination will be north; 
if he is in the ſouthern ſigns, his declination is ſouth. 


Cor. F either the right a ſcenfion ar declination be 
given, the ſun's longitude, or his place in the ecliptic, 
may be found, by changing the propertien, or ns. 


it backwards. 
_PROB. * 5 5 


Tbere is given the As ab. to e bis 
h right aſcenſion. the. 


In the right angled triangle CFG, there is given 
FG the declination, and angle C the obliquity of. . 
the ecliptic; to find CF the right aſcenſion. By 
L 10. of right angled ſpherical triangles, | 5 
RKNadius: 
Cotan. obliquity of the ecliptic GCF: 
Tan. declination FG : | 
S. right aſcenſion CCF. 
N CF may be either leſs or greater than a qua- 
ant. | 


Cor. If the right aſtenſ 701 is given, the Are 
may be Jon. by working the N backwards. 


© VP 


I 6. 


/ 
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PROB. III. 


Given the latitude of the place, and the ſun's de- 
clination; to find bis aſcenſional difference; and bis 
riſing and ſetting. 


Let CB; be the boriatn, c the dquioRtial, 
DB the ſun's parallel, B the ſun's place at riſing, 


CD the ſix o'clock meridian; AB the ſun's meri- 
dian at riſing. Then the angle DCB is the latitude, 


and ACB the complement of the latitude. And 


CD or AB is the declination. Then in the right 


angled ſpherical triangle CAB, there is given the 
angle C, and ſide AB, to find the ſide CA. There- 
fore-by Caſe 3 o. of right angled ſpherical _—__ 


A. latitude DCB: | 
Tan. declination AB: | 
S. af. difference CA. 
Then the aſcenſional difference is to be turned into 
time, allowing 4 minutes of time to 1 degree; and 
that will be the time the ſun riſes before 6 if 


it be ſummer, or after 6 in winter. 


Cor. 1. And if the lat. and af. difference be given; 
tbe declination may be found, by working the propor- 


lion backwards. 


Cor. 2. When Jun-rifine i is found, double it and * 
gives the length of the night ; and double the time of 


fan, for ihe fength of the day. 


P R O B. Iv. 


Having the latitude of the place, and the ſun's FR 
clination to find bis amplitude. 


Let CB the horizon, CA the TAY B the 
| _ BA or CD his at angle ACB the 


com- 


1 


1C 


12 


Sect. II. PROBLEMS: 


trian gles, 


complement of the latitude. Then in the right 


angled ſpherical triangle CAB, there is given the 


angle C and fide AB, to find the hypothenuſe CB. 
Therefore by Caſe 12. of right. angled 3 


Coſ. latitude: 

S. declination AB: 
Radius: 

S. ampfitude CB. 


F. 2 
* 


If the declination is north the amplitude is north 3 1 


. and if ſouth, it is ſouth. 


Cor. 1. Fibe latitude and 3 Be given; the 
declination may be found by the ſame proportion. | 


Cor. 2. If -the declination and amplitude be "TEE : 


the latitude * be found by working batkw 


PROB. V. 


Given the latitude of the place, and the furs decli. 
nation 3 to And his 5 altitudy hen. eaſt. 5 


Let HC be the horizon, EC the equinoctial, 8 
the ſun, HES the meridian paſſing thro? the ſun, 
CS the prime vertical. Then ES is the declination, 
and EC the aſcenſional difference, CS his altitude 


' eaſt, and < ECS the latitude. Therefore in the 


right angled ſpherical triangle CES, there is given 


the fide ES, and the angle ECS, to find the hy- 


17. 


pothenuſe CS. Therefore by Caſe 12. of right "3 


angled ſpherical triangles, 


S. latitude ECS: 

S. declination ES:: 

Radius: 

S. altitude when eaſt, or weſt CS, 


Cor. 1. F the latitude and altitude eaſt, be given ; 
the declination. may be foul, by the Jerks propor tion. 


Cor, 
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Fig. Cor. 2. F the declination and altitude eaſt, be 
17. given; the latitude ney be found, by n back- 


wards. 
PR O B.::. VI. 


17. Having given the latitude of the place, and the 
fur” s declination ;, to find the time when be i is eaſt. 


the ſun's place, HES, the ſun's hour circle, and 
CS the prime vertical. Then the angle ECS is 
the latitude, ES the declination, CS the altitude 
when eaſt, and EC the aſcenſional difference. There- 
fore in the right angled ſpherical triangle CES; 
there is given the ſide ES, and the angle ECS; 
dio find the fide CE. Whence by Cale 10. of right 
_ angled ſpherical triangles, | | 
5 Radius: 
| | Cotan. latitude ECS: 
1 | - Tan. declination ES : 
4 S8. aſcenſional difference EC. 
bl This converted into time, allowing.” 15 degrees | 
do an hour, and 1 degree to 4 minutes, ſhews how 
long it is after 6 in the morning, or before 6 in the 
n when the ſun is eaſt or weſt. 


Cor. 1. If the latitude and time when the fan. is 
eaſt be given, the declination may be found, b. 7. work- 
ing backwards. 


Cor. 2. If the declination and time or aſtenſ. d. 15 
ference be given; the latitude — be _ by * 
ing ihe — | 


585 PRO B. vi. 
is, The latitude of the place, and furs dechnation bes 
ing given; to find bis altitude at 6. 


Let CO be the horizon, CS the 6 o clock meri- | 


dian, AC the _ vertical, S the place of "2g 
un, 


Let HC be the horizon, EC the equinoctial, s | 
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ſun, As his parallel of altitude, O8 his vertical Fig. 
circle. SCO the latitude of the place. Then in 18. 
the right angled ſpherical triangle COS, there is 
given the hypothenuſe CS and angle OCS, to find 
the fide OS. Therefore by 8 2. of f right, an- 
gled ſpherical triangles, - 725 

Radius : 

S. declination CS : 
S. latitude OCS: 

S. altitude at 6, SO. 


Cor. 1. If the latitude and altitude at 6 be | given, 
 - the declination may be found, by varying the Proportion. 


Cor. 2. F the declination and altitude at 6 be 
given; the latitude may be found, * working the pro- 
. PackWards. 


PROB. vill. 


The latitude of the place, and the fur 5 dechination 18, 
> being given; to ind bis azimuth at 6 o'clock. 


Let CO be the horizon, S the ſun's place, CS 
the 6 o'clock meridian, SO the ſun's vertical cir- 5 
cle, angle SCO the latitude; then CO is his azi- * 
5 muth at 6. Therefore in the right angled ſpheri- 
2 cal triangle COS, there is. given the declination 
Os, and angle SCO, to find CO. Therefore by. 

Caſe 1. of right angled ſpherical triangles, - 


*"F ddd OTIS 


| Radius: „ 
: Col. latitude SCO : 3 
Tan. declination CS: 
Tan. azimuth at 6, CO from the eaſt. 
Then the azimuth from the north is readily found. 

Cor. 1. If the latitude, and 2 s azimuth at 6; 
7 be given; the oa may 1 "I by working 
> backwards. 


Cor. 


6% ASTRONOMICAL 
Fi Cor. 8 the ſun's declination, and azimuth at 6 

, e latitude may be found, by the ſame pro 
portion. 


PROB. IX. 


16. The latitude of the place, and i the ſun's amplitude 
Being given; to find the DAE difference. | 


Let CB be: the borighe, CA the el B 
the place of the fun, AB his hour circle, BCA the 
complement of the latitude. Then in the right 
angled ſpherical triangle CAB, there is given the 
angle ACB, the hypothenuſe CB the amplitude; 


Therefore by Caſe 1. of "ou angled hare! tri= 
angles, 
| Radius : 25 | 8 

S. latitude DCB : 2 

Tan. amplitude CB : 

Tan. aſcen. difference 8 
Then CA turned into time allowing 15 degrees ts : 
an hour, and 1 degree to 4 minutes, gives the time 
the ſun riſes before 6 in ſummer, or 6 in 
winter. 85 


Cor. 1. V tbe latitude of the place, 211. Pa 
ſonal difference be given, the po may be _ . 
by working backwards. _ 

Cor. 2. If the amplitude and FI n be 
. given, the latitude may be found by the _ 1 


. PRO B. X. 
16. The ferw's amplitude and declination given z to find 
a aſcenfional difference. 


Let CB be the horkzen, B the fun's 8 r BA | 
his hour circle, CA the equinoAtial, | Then * — 


to find the ſide Ch © or the aſcenſidnal difference. 
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the amplitude, AB the declination, and AC the aſ- Fi 
cenſional difference. Therefore in the right angled 16. 
ſpherical triangle CAB, there is given the hypothe- 
nuſe CB, and the declination AB ; to find the aſ- 
cenfional difference CA. T herefore by Caſe 6, of 


A | right angled ſpherical my 7 

- Col. declination AS 7 : 

Col. amplitude CB: 

þ Radius : 
1 Coſ. aſc. difference CA: jt 
t The aſcenſional difference converted into time, al- 
- | lowing 145 degrees for an hour; ſhews how long 
3 the ſun riſes before 6 in ſummer, or r 6 in 
= winter. 


Cor. 1. If the furs declnation, and the aſcenſional 


difference be given; bis * may be found, 2 
the ſame Proportion. TE. 


Cor. 2. If the explitas and the aſcenſional dif- 
ference be given ; the declination may be Found, by 
working backwards 


PR OB. XI. 


Muving given the latitude of the place, and the 18. 
ſun's azimuth at 6 o'clock ;, to find his — 5 


aer de the hininia, CS the 6 ofclock hour 

| circle, S the ſun's place, SO the ſun's vertical cir- 

; cle. Then OCS is the latitude, CO the ſun's azi- 
muth from the eaſt at 6, and OS his altitude at 
that time. Therefore m the right angled ſpherical 
triangle COS, there is given the fide CO, and the 

angle OCS; to find the ſide OS, Then * Caſe 7. 
3 * "WY angled ſpherical triangles, 
Radius: 85 
S. azimuth CO, from che eaſt:: 
Tan. latitude 405 
Tan. altitude at 6, OS. 


Ld 


LS 
\ 


4 - 
5 
- 
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Fig. Cor. 1. If the latitude and altitude at 6 be given; 
18. the azimuth may be found, by the ſame proportion. 


Cor. 2. If the altitude and 3 at 6 be given ; 
the latitude of the place may be found, by working. 


: backwards. ' 
PRO B. XII. 


17. 8 Given the latitude of the- place, and ſun's altitude 
oben eaſt; to find the aſcenſional difference, or the hour. 


Let HC be the horizon, SC the prime vertical, 

EC the equinoctial, S the place of the ſun, 8E 
his hour circle. Then — ECS is the latitude, 

SC the ſun's altitude when eaſt, and EC the aſcen- 

„ FHional difference. Therefore in the right angled 
ſpherical triangle ECS, there is given the hypothe- 
nuſe SC, and M angle SCE; to find the fide EC. 


Then by Caſe 1. of right angled * 1 
| Radius: 
Coſ. latitude ECS: 
Tan. altitude eaſt SC . 
Tan. aſc. difference EC. 
This turned into time, Re 4 minutes for every 


degree, gives the time after 6, when'the ſun ! 1s eaſt ; 
or before 6, when weſt. . 


. If the latitude, 4 the hear, or 1 onal 
difference be given; the altitude when eaſt or _ may 
be found, by varying the proportion. 


"ODE 3 * 8 the altitude eaſt, and the aſc. di PAL 
be given; the latitude may be found, & the ſame pro- 


portion.” 
| J. 
17. Given the ſun's declination and his altitude ay 
eaft ; 3 40 find the time, or the aſcenſional difference. | 
Let HC be the horizon, EC the equinoctial, 8 
the I + of the nes SG. the. prime vertical, he 
the 


Seck. I. P R O B IL. E Ms. 


the ſun's meridian; then S SCE is the latitude, Fig. 
SE the declination, SC the altitude at 6; and EC 17. 


the aſcenſional difference. Then in the right an- 
gled ſpherical triangle SCE, there is given the hy- 
pothenuſe SC, and fide SE, to find the ſide CE. 
Therefore by Caſe 6. of right angled ſpherical tri- 
angles, 4 8 
Col. declination SE: | 8 

Coſ. altitude eaſt SC: : 

Magus : * - 

Col. aſc. difference CE. 

Then CE turned into time, Saks 15 degrees to 

an hour, &c. gives the time after 6, when the Ton 
is eaſt; or before 6, when weſt. 


Cor. 1. If the ſun's declination, ak the time he is 


eaſt, be given; his altitude Way ve found, by the ſame - | 


| proportion. 


Cor. 2. If the ſun's altitude adi eaſt, and the 
time be given; his declination may be . 1 wor k⸗ 
ing backwards. 


PROB. XIV. 


_ Hovin the ſun's declination given, and altitude at I 8. 


; 70 find bis azimuth. 


Let CO "Wl ahe horizon, the 6 o'clock hour | 
circle, S the place of the ſun; 80 his vertical cir- 
cle. Then angle SCO is the latitude, CS his de- 
clination, CO the complement of his azimuth, and 
SO his altitude at 6 clock. And in the right an- 
| gled ſpherical triangle CSO, there is given the hy- 
— CS, the ſide SO; to find the other ſide 


_ CO. Therefore by Caſe 6. of right angled oP 
lical triangles, | 


Col. altitude at 6, 50 3 
Coſ. declination C 8: 
Radius: 


«Co, ezamuth at 6, Seen the caſt, co 
| Cor. 


19. 


* 
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en; the altitude at 6 may be found, by working 
. the Proportion backwards. 


Cor. 2. If the altitude ond azimuth at 6 be given; 
the declination may be found, by the _ , 


P ROB. XV. 


Given the latitude, and ume of the day, and the 
"fun; in the equinofial ; to find bis altitude. 


Loet AC be the horizon, CS the equinoctial, 8 
the ſun's place, SA the ſun's vertical circle. Then 


ACS is the complement of the latitude, AS the 
ſun's altitude, CS the arch of the equinoctial cor- 
reſponding to the time from 6 o'clock; which is 
known by reducing the time from 6, into d 


allowing 15 degrees for an. hour. Then in the 
right angled ſpherical triangle ACS, there is given 


the hypothenuſe CS, and angle C; to find the ſide 


cal triangles, 

| Radius : 
8. hour arch from 6, CS:: 
Col. latitude, comp. So” 

8 Altitude A8. 


Cor. If the latitude and 4 be given; e 


time may be found by the ſame proportion. 


7 3 4 the declination and azimuth at 6 Je 
18, giv 


As. Therefore by Caſe 2. of right angled Pert 


Cor. 2. F both the time, and ſun's altitude be given; 3 


the latitude may be found, ” working the proportion 


backward. 
PRO B. XVI. 


Given the latitude and time of the dey, and the 
fan in the equator ;, to find his azimuth. © 


Let AC be the horizon, CS the „ 8 - 
the ſun's place, and SA his vertical circle. Then ACS 


3 


r - 


9 


FJ 


W QMN_ 


* 
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is the complement of the latitude, AC his azimuth Fig. 
from 6, CS the arch of the equinoctial correſpond- 19. 


ing to the time. Then in the right angled ſpheri- 


cal triangle ACS, there is given the hypothenuſe 


Cs, and angle C; to find the fide CA. Therefore 


Radius: 1 | 
Sine. latitude (comp. C) :: - 
Tan. hour arch from 6, CS : 
Tan. azimuth from 6, CA. 


Cor. 1. IF the latitude and azimuth be given, the | 


by Caſe 1. of right angled ſpherical triangles, 


fun being in the equator ;, the time may be found, by 


working backwards. 


Cor. 2. If the azimuth and time be given; the la- 


titude may be found, by the ſame proportion. 
ENO. 1 

Ci ven the latitude, and ſun's altitude, being in the 19. 

equator z, to find bis azimuth. | „ 


let AC be the horizon, CS the equinoctial, 8 


the ſun's place, SA his vertical circle. Then ACS 
is the complement of the latitude, AS his altitude, 


| AC his azimuth from 6. Therefore in the right 


angled ſpherical triangle ACS, there is given the 
angle C, the ſide AS; to find the fide AC. Whence 
by Caſe 10. of right angled ſpherical triangles, 
| Rad: x we 
Tan. latitude (comp. C): 
Tan. altitude As ES 
S, azimuth from.6, AC. 


Cor. 1. If the latitude and azimuth be given; the 
altitude may be found, by working backwards. 


Cor. 2. If the ſur's altitude and azimuth be given. 
being in the equinoctial; the latitude may be found, ly 
the ſame proportion. | -* 


PROB. 


ASTRONOMICAL 
p R O B. XVIII. 


14. Given the latitude of the place, and ſun's meridian | 
altituge ; z to find its declination. 


Let GH be the altitude of the ſun, HE the com- 
plement of the latitude, or the height of the equa- 
tor. Then ſubtra& the leſſer altitude from the 

greater, and the remainder GE. is the declination. 
And the declination will be north, when the height 
of the ſun is greater than the complement of the 
latitude ; but ſouth, if leſſer. Ba is evident 15 


the figure. 


Cor. F the ſun's meridian altitulle be given, and 
bis declination , the latitude may be ff ound, by the con- 


werſe of this. 
ME | PROB. XX. 


. . To find at make hour any particular for comes w | 
vn the meridian, on a Even day. 


— Do 
6 I = — —— EE TY Neg. YE SW tw r pats — _— = 
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This is performed by the tables of the ſur? 8 ** 
ne and of the ſtars. Find the right aſcen- 
ſion of the ſun, and of the given ſtar, in the ta- 
=S bles; and ſubtract the right aſcenſion of the ſun 
from the right aſcenſion of the ſtar, adding 24 
" hours or 360 degrees, when the ſtar is leſs. And 

the remainder is the difference of the right aſcen- 
| ſions, or the time of the ſtar's ſouthing, from noon. 
If this difference of the right aſcenſions is had 
in degrees; it is eaſily turned into Andes allowing 


| 15 degrees to an hour. 

= _ „ 

iÞ if | 8. 2 he day and hour being given; to find what far 
i i is ſouth at that time. 

 _- In the table of the ſun's right aſcenſion, find his 


_w aſcenſion for the given day. To this add the 
given 


Sect. I. PROBLEM S. 


3 


given hour reckoned from noon, if the right aſ- Fi Ig. 


cenſion be for time. But if the right aſcenſion be - 
for degrees, reduce that time to degrees, and add it 
to the ſun's right aſcenſion: the ſum will be the 


right aſcenſion of ſome ſtar. Therefore look for it, 


in the table of the ſtar's right aſcenſion; and againſt 


it, or the neareſt to it, you will find what ſtar it is. 
Note, you muſt throw away 24 hours or 360 de- 
grees, when the faid ſum exceeds that. 


SCHOLIU M. 


In che foregoing problems we have * had re- 
gard to the ſun's motion; but in moſt of theſe 


problems, the ſolutions hold equally true for any 


ſtar or other object. Likewiſe what is ſaid about 


the eaſt points of the horizon, as the amplitude, al- 


titude, &c. belongs equally to the weſt points. I 


ſhall now proceed to the ſolution of ſuch problems | 


of the ſphere as depend on oblique a trian- 
el. 
, * R O B. XXI. SOT 


Having given the latitude of the place, the ſur S de- 20. 


clination, and altitude ; to find his azimuth, and time 
of n and angle of po tion 28P. 


Let MZP be the addridian, Z the zenith, P the 


pole, S the place of the ſun, ZS his vertical cir- 
cle, PS his meridian. Then ZP is the complement 


of latitude, SP the complement of declination, and 


SZ the complement of altitude ; SZP the azimuth, 
and Z PS the hour angle from noon, and ZSP the 


angle of poſition. Therefore in the oblique ſphe- 


rical triangle ZPS, there 1s given the ſides 2p. Pp. 


and SZ; to find the angles SZ P, SPZ, and ZSP. 


| Therefore by Caſe 11. of oblique ſpherical trlan- 
ou. 75 


„„ 1. For 


s ASTRONOMICAL 


Fig ; : 1. For the azimuth SZP. ; 
S.ZS x S. ZP: 
Radius ſquare : : 0 
8. + = — 287 8 28 — . 


2 


Sine — of 2 $ZP. 
Then SZP will be known, which Rouble * 


SZP the azimuth. 


2. For the angle ZPS. 


S. PZ x S.PS < 
5 . | 


Sine e of half Z PS. 

5 Then - 2 ZPS being known, if it be doubled it 
gives the whole angle Z PS, which reduced into 
time, counting 15 degrees for an hour, gives the 
time om noon, that this happens. 


3. For the angle of popes ZSP. 
S.SZ X S. SP: . 


Radius ſquare : : 
6 27 + 8P— x. 
2 


XS. 


Sine "in of 
That angle doubled gives the angle of polition ZSP. 


PRO B. XXII. 


: * Given the latitude of the place, and the ſur de- 
_ lination and azimuth; to find his altitude, and hour 
of ohſer vation. | 


Let MZP be the a S the place of the 
Jun, 28 his vertical circle, PS his hour circle. 
Then 


— 


It 


IC 
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Then in the oblique ſpherical triangle 258, there Fig. 
is given the complement of latitude ZP, the com- 20. 
plement of declination SP, and the azimuth SZP; 

to find the altitude or its complement ZS, and the 
angle ZPS. Therefore by Caſe 1. and 3. of oblique 


| ſpherical triangles, 


1. For the altitude or its 2 28. 
by Caſe 1, S. SP: | 
e:: 
. 
S. ZS the angle of poſition. , 


Then by Caſe 3, for obliques, | 


8. ZPS — ZSP 


2 4. 2SP__ 


c 2 


* 28, * doubled gives 28 the 


complement of the altitude, 


| 2. For the angle Z PS. 
Find che angle ZSP as n, men by Caſe _ 
of Ms . | 


þ 
27 


5 
. "which doubled gives 5 ZPS; 


this angle reduced to time, allowing 13 degrees to 
an hour, ſhews the hour from. 14. 


70 


Fig. 
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PR OB. Xx. 


Given the latitude, ſun's declination, and hour 4 | 
the day; 10 find the altitude and azimuth. 


Having the hour from noon, reduce it into de- 
grees, allowing 15 degrees to an hour, then you 


| have the hour angle. 


Let MP be the meridian, S the ſun's place, 82 
his vertical circle, and SP his hour circle. 
Then in the oblique ſpherical triangle Z PS, PERD 


is given ZP the complement of latitude, SP the 


complement of the ſun's declination, and ZPS the 
hour angle. To find ZS and angle PZS. Let fall 
the perpendicular SM. Then by Caſe 7, of 
oblique triangles. 


1. For the azimuth. 


Radius : | 

Col. hour angle ZPS : | 

Tan. PS the 5 

Tan. PM. 

T hen PM — P, or the difference of PM and PZ 
is = ZM. Then 
ES S. PM: 

S. ZM: 

Cotan. hows angle SPZ : 

Cotan. PZS the azimurh. Pe | 
Then if PM be leſs than PZ, SZ is of the ſame 
affection as * otherwiſe of different affection. 


2. For the altitude. 


Find the azimuth as before; then by Caſc 8, of 
oblique ſpherical triangles, 
S A 
S8 . Ps the co-declination:: 
S. hour angle ZPS: . 
S. co- altitude CS. - 
„ PRULS 


0B. 


elination. 


"the hour; to find his declination. and azimuth, 


pole, LP the complement of the latitude, ZS his 


S&. I: PR OLE 


RO x08 Fig, 
Given the latitude of the place, the ſun's altitude and 20. 


azimuth ;, to find the declination, and hour of the day. 


Let PM be the meridian, Z the zenith, P the 
pole, S the ſun, 28 his vertical circle, PS his hour 


_ circle, 


Then in the ſpherical wings ZPS, there is 
given ZP the co- latitude, ZS the co-altitude, and: 
PZS the azimuth, To find the __ PS and angle 


ZPS. 


Let fall a perpendicular SM upon PZ, then by 
Caſc 8, of * ſpherical triangles, 


| 1. For the declination. 
Radius: | 
Coſ. Azimuth PZS :: ; 
Tan. co-altitude 282 
Tan. ZM. Then 15 * ZM = : PM. 
Then Coſ. ZM: | 
aa co-altitude GI: 
Coſ. PM: 
Coſ. co-declination PS, Or the Fe of the de | 


2. For the bour. 


Find the baſe ZM as bly then * Caſe 2 1 
S. ZM: | 
: 
1 Wied FZS't 
Cot. hour angle ZPS. 
Then the angle ZPS being turned into time, reck- 


oning 15 degrees to an hour, ſhews the time from 


noon, 
P ROK MC: 
. Having given the latitude, the ſun's: altitude, and 20. 


Let PZM be the meridian, Z the zenith, P the 


F 4 | ___ co-altt: 
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Fig. co- „altitude, PS his — PZS his azimuth, 
20. and ZPS the hour angle. 


20. 


Then in the oblique ſpherical triangle ZPS, there 
is given PZ, ZS, and angle ZPS by turning the 


time into degrees to find PS and angle PZS. 


1. For the declination. 

By Caſe 1, of oblique ſpherical triangles, 

- "S..coalntude SZ :: - 

hour angle SPZ: 

comp. latitude ZP: 

| S. ZSP; then 

by Caſe 3, S. 3 2 diff. angles ZPS and ZSP : 3 
8 0 ſum of ZPS and ZSP: 
Tan. 2 : diff. ſides ZP and ZS : 


Tan. 2 PS, which doubled is PS the 
complement of the declination. 


N 


2. For the azimuth. | 
F ind the angle ZSP as before. Then by Caſe 2, 


S. 2 diff. of the ſides Z P and 28: 
8, f = ſum of the ſides ZP and ZS: 


| Tan. 2 > diff. angles ZPS and ZSP : : 
| Cotan. £ 2 PZS, which doubled 18 PZS the azimuth, . 


PRO B. XXVI. 
Gi iven the latitude of the place, the furs azimuth 


and hour of the day; to And Bis declination and al- 


turned into degrees gives the 1 28. 


| . 


& 


Let MP be the meridian, v the zenith, P the 
pole, S the fun; then ZS is the ſun's vertical, and 
PS his hour circle, Therefore, 

In the bblique ſpherical triangle ZPS, there is 
given the ſide ZP, and the ages PZS and ZPS; 
to find PS and. 28 for the time from noon being 


Sed. 18 PROBLEMS: 


h, Then by Caſe 9, of oblique ſpherical triangles, Fig. 
Coſ. + ſum angles PZS and ZPS: 20, 

re Coſ. + diff. angles PZS and ZPS: : 

* Tan. + comp. latitude PRE: 


Tan. + ſum of the op. ſides PS and 28. 
Alſo S. + ſum angles PZS and ZPS: 
S: + diff. angles PZS and ZPS:: 
Tan. 2 comp. latitude PZ: 
Tan. + diff. oppoſite ſides PS and 28. 
The ſum of that + ſum and + difference, gives 
the greater ſide, or that oppoſite to the greater an- 
gle; and their difference gives the leſſer ſide, or 
that oppoſite to the leſſer angle. And theſe are 
the complements of the declination and altitude. 


i. p RO B. XXVII. 
| The ſun's declination, altitude, and azimuth being 20. 


given, to find the time of obſervation, and latitude of 
the place, : Ws 


2, | Sy "= 
= Suppoſe MP the meridian, Z the zenith, P the - 
= pole, S the ſun, ZS the co-altitude, PS the co-de- 

. | clination. SZP the azimuth, ZPS the hour angle, 

_ ZP the co-latitude. Therefore, 5 

In the oblique ſpherical triangle ZPS, there is 
| given the ſides SP and SZ, and angle PZS; to 

- find the angle SPZ and fide ZP. 5 

al- | 

1. For te tn © 
By Caſe 1ſt, of oblique ſpherical triangles, 

the S. comp. declination SP : 

nd S azimorh Sr: 

5 S. comp. altitude SZ: 

15 5 S. hour angle ZPS. „ 

Sz Then ZPS reduced to time, counting 15 de- 

ing grees to an hour, gives the time from noon. 


1en . ” | 1 


* 
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2. For the latitude. 


The angle ZPS being found, then by Caſe 3d, | 
S. = diff. ZPS and FZS: 
S: rn ſum, ZPS and PZS: 
Tan. = diff. ſides SP and 82 
Tan. 2 ZP; then this doubled gives Z the 
i complement of the latitude. 


PR 0 B. XXVII. 


The ſun's declination, altitude and hour of 1 the day 


: being given; to find bis azimuth, and the latitude ＋ 
be place. | | 


Let MP be the meridian of the place, Z the 
zenith, P the pole, S the ſun, ZS his vertical cir- 


cle, PS his hour circle. 


Then in the oblique ſpherical triangle SPZ, 
there is given the ſides SP, SZ, and angle SPZ; 
to find the angle PZS and ſide 25. „ 


1. For the azimuth. 


By Caſe 1ſt, of oblique ſpherical triangles, 
S. complem. altitude LS 
S. hour angle ZPS : 
S. comp. declination FP : 
S. azimuth PZS, which may be 3 than 
a 1 28 angle. 


2. For the latitude. 5 

Having found the angle PZ S; Ten by Caſe 26, . 

S8 . 2 diff angles SPZ and SZP : EE 
S. 2 z ſum, angles SPZ and SZP : 1 
Tan. + diff. ſides SP and SZ.: 


„ Tas, 2 ZP, which doubled gives the comple- 
ment of the latitude 2. 


PROB. 


Sect. II. PROBLEM 


p R O B. XXIX. 


7 he und declination, Bis azimuth, and bour of the 
day being given; to find bis aitude, and the latitude 


| of the place. 


Let MP be the 1 Z the zenith, P the 
pole, S the ſun, ZS his vertical, PS his meridian. 


Then in the oblique ſpherical triangle ZPS, there 


is given SP (the co-declination), SZ P (the azimuth ), 


and 28 (the hour angle); to find ZS, and ZP. 


55 1. For the altitude. 
By Caſe Ath, of oblique — riangles; 
S. azimuth SZP : 
S. co-declination SP : 
S. hour angle ZPS : 
S. co-altitude ZS, 


2. For the latitude. 


S. 2 diff. angles PZS and Z PS: 
8. n ſum, angles PZS and ZPS : 
Tan. 2 diff. ſides PS and ZS : 


Tan. L PZ, which doubled gives PZ the en” 
plement of the latitude. 


PRO XR 
Having given the ſun's altitude, and his azimuth, 


and the hour of the day; to find his declination, and 


the latitude of the ok 


75 
Fig. 


20. 


HFaving found the co- altitude ZS as before; . ö 
Caſe 5th, 


20. 


Let MP be che i P the pole, Z the ze- 


nith, S the ſun's place, PS his hour circle, ZS his 
vertical circle. Then SZ 1s his comp. of altitude, 
SZP his azimuth, ZPS his hour angle, PS the 
comp. of declination, ZP the comp. mn 

en 
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Fig. Then in the ſpherical triangle ZPS, there is 


20. given the fide ZS, and the angles PZS and ZPS, 


122 reducing the time to degrees ; to find the ſides h 


2 and ZP. - 
1. For the declination. 


We ſhall have, by Caſe 4th, of 3 ſpheri 


cal triangles, _ 
S. hour angle ZPS : 
S. co-altitude ZS : 
S. azimuth PZS : 
Kage co-declination SP. 


2. Fur the latitude. 


Having found PS as before, then by Caſe 5th, 
S. 2 diff. angles PZ S and Z PS: 
S. 4 x ſum, angles PZS and ZPS:: 
Tan. 2 diff. ſides PS and ZS: 


Tan. 2 ZP, and doubled gives ZP the com- 


plement of the latitude. 


Senor ro u. 


What has been laid down in the foregoing pro- 


poſitions, in regard to the ſun, holds equally true 
of a ſtar, or wy other object that appears in the 
| heavens. 


PR OB. XXXI. 


[2% . latitude of the place, and declination of the 


ſun, being given; to find the time of day break. 


£24 HZO be the merkdiin; HO the horizon, 2 


the zenith, P the pole, S the ſun 18 degrees below 
the horizon, PS his hour circle, and ZS his verti- 
cal circle. EQ the equinoctial, AB the ſun's pa- 
rallel, DF the parallel of twilight below the horizon. 
Then in the oblique ſpherical triangle ZPS, there 


is given ZP the complement of the latitude, PS 


the —— 1 the enn and 28 the dif- 
5 ö tance 


\ 


3 of Aa 


Sec. l- PROBLEMS _ 
tance of the fun from the zenith 108 degrees. To Fig. 
find the hour angle Z PS. I herefore all the ſides 21. 
being given, it is ſolved by Caſe 11th, of oblique 
ſpherical triangles, thus | 

8. 8. Sf: | 

Radius ſquare : 1 

ZN P —SP 28 8 —— 

g. === *8.—— 

Sine ſquare of 2 Z PS; then + ZPS being had, 
if it be doubled it gives the hour angle ZPS, which 
turned into timę, allowing 15 degrees to an hour, 


gives the time from noon, that right begins, or 
ends. 


es 


he 


PROB. XXXII. 


5 7 he right aſcenſi fon and declination of a ftar bei ng 22. 
RR given; to find its longitude and latitude. | 


Let LCQ be the ſolſtitial colure, EQ the equi: 
= noctial, P its pole, EC the ecliptic, L its pole, S 
= a ſtar, PSA an hour circle or meridian, LSDB a 
circle of longitude. Then EA is the ſtar's right 
aſcenſion, and AQ its complement or the angle 
SPQ; and AS is its declination, and SP its com- 
= plement. Alſo ED is the longitude of the ſtar, 
and DC or angle DLC the complement of it; and 
SD is its latitude, and SL the complement of it. 
In the oblique ſpherical triangle LPS, we have 
given the fide PS, and LP (23 290), and angle 
LPS; to find the angle PLS the comp. longitude, 
| 85 che ſide LS the complement of the declination 
Leet fall SO perp. to LP. Then 


1. To find the longitude. 


By Caſe 5th, of oblique n e 
Radius: 


Coſ. SPO (comp. right aſcenſion) : 
Tan. PS (comp. 2 


Tan. PO, The 208 
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| Fig. Then LP + FO=S AL then | 
22, S. PO: 
, aa: 
Cotan. PO (comp. right aſcen. ): 
Cotan. SLP (the comp. longitude). 


2. For tbe latitude. 


Having found PO and LO, as n then by 
Caſe 8th, | | 
Col. : 
Col. FS: 
Col. LO: | 
Col. LS, the complement of latitude. 


P:R-©'B. XXXIII. 


| The longitude and latitude of a far being given 5 
10 find its * aſcenſi on and declination. 


This is the reverſe of the laſt* problem. Let 8 
be the ſtar, LSD a circle of longitude, cutting the 
ecliptic in D; and PSA a meridian cutting the 
equator in A. Then in the oblique ſpherical tri- 
angle LPS, there is given the ſide LP, and the 
angle SLP the complement of the longitude from 
Aries, or the neareſt equinoctial point; and the 
ſide SL the complement of the latitude. To find 
the angle LPS or SPO, which determines the right 
aſcenſion, and PS the complement of the 2 

tion. Draw SO perpendicular to LP. Then 


1. For the right aſcenſion. 
By Caſe 7th, of right angled ſpherical 5 


Radius: 

Coſ. SLP (comp. longitude): 

Tan. LS (comp latitude): | 

Tan. LO. Then LO —LP = PO. 
| "2% Aga 


ain, 


Caſe Sth, 
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79 
A 8. LO: 
S. PO . 


Fig. 


3 SLP (comp. longitude) : I 


Cotan. SPO (comp. right aſcenſion). 


2. For the declination. 
Having found LO and PO as before; then by 


Col. LO: 


Coſ. LS (comp. latitude) : 
0: Ba 


Coſ. PS (comp. declination). 


SCHOLIUM. | 
"px we have given the actual loin of 


ſuch problems as have been handled relating to the 
ſun and ſtars. In what follows, it will be ſuffi- 


cient to point out the method of ſolution, with- 
out- troubling the reader with the ee pro- 


| Pow my: = FG on. 


P ROB. XXXIV. 


Having given the places of two. Stars A and D, 23. 
and the diſtance of third ſtar S from both of them ;' to 5 


4 find the place of the Star S. 


' Suppoſe the Waun of the ſtars are refbirei] to 
the ecliptic BQ, whoſe pole is L. Then in the 
triangle LAD, there is given the ſides LA, LD, 
the complements of the latitudes of the ſtars, and 
the included angle ALD, or BQ, the difference 
of longitude of the ſtars ; from thence the ſide AD, 
and angle 'LAD will be found. Again in the tri- 
angle ASD, we have all the ſides, by which the 


angle SAD may be found. Then the angle LAS 


will be had, which is the difference of the angles | ; 
LAD and SAD. Laſtly in the triangle LAS, there 
— 3 ͤ5 


% 
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Fig. 
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is given the ſide LA, and the ſide LS, and the op- 
poſite angle LAS; whence the angle ALS will be 
found, the difference of longitude from A; and 
the ſide LS, the complement of latitude of the 


ſtar S. 


But if BQ be the equinoctial, P the Pede; and 


the places of the ſtars be referred to the equinoc- 


23. 


tial. Then the angle ALS will be the difference of 


right aſcenſion from A; and SL the complement 
of declination of the ſtar S. 


PR OB. XXXV. 
The righs aſcenſſons and declinations of two ftars 


A and D, being given; to Jus their diſtance AD. 


Let BQ be the equator, L the pole, AB, D. 
the declinations of the ſtars; LA, LD theie com- 
plements. Then ſince their right aſcen ſions are 
given, their difference BQ is given; therefore in 


the oblique ſpherical triangle LA, there is given 


the ſides LA, LD, and the included angle ALD, 


by which the diſtance AD will be found. 


Cor. 1. If the latitudes and longitudes of two i : 


be given; their diſtance will be found the ſame way. 


For then BQ is the ecliptic, ACD cheir diffe- 


rence of longitude; and AL, DL, the comple- 
ments of their latitudes. And there are the — 


data as before. 


Cor. 2, F the right aſunfo on and deihination of 


one ſtar, Cas: declination of another be given, and 
its diſtance from the firſt ; its right aſcenſion may be 


Found. 


For then in the triangle -ALD, the ſides AL, 
Ab, and LD will be given; to bod the angle 


ALD. 80 58 


rs 
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Cor. 3. And the fame thing holds good in reſpest of Fig. 


the longitude and latitude of the ſtars. 


RO B. XXXVI. 


Having the latitude of the place, the altitude of a 20. 


the azimuth. 


Rar, whoſe right aſcenſion and declination is known, 
And the day 1910 to find the moment of time, and 


Let MZP be the meridian, S the place of the 


ſtar, ZS its vertical circle, PS its hour circle. Then 
in the triangle ZPS, there is given all the ſides, 


viz. PZ the complement of the latitude, ZS the 


complement of the altitude, and PS the comple- 


ment of declination of the ſtar ; from which the 
azimuth PZS is found, and the angle ZPS which 
anſwers to the right aſcenſion included between the 
ſtar 8, and the meridian of the place MP, But 
ſince the day is given, the ſun's right aſcenſion is 


given, and therefore the difference between the 


ſun's, and the ſtar's right aſcenſions, is known; 
therefore to or from this difference add or ſubtract 


| the right aſcenſion belonging to the angle ZPS, 
according as the ſun and ſtar are on the ſame or 


different ſides of the meridian: PM; and you have 
the right aſcenſion contained between the meridian 
and the ſun ; which converted into hours and mi- 


nutes, the time becomes known. 


Cor. By a like proceſs, if the azimuth was given, 
the altitude and time may be found. | 
For in the triangle Z PS, there will be given ZP. 
SP and angle PZS; to find ZS and angle ZPS.” 


P RO B. XXXVII. 


Given the latitude, the ſun's place, and the hour of 24. 


the day; to find the angle made by the horizon and e- 
IN 6 dliptic 
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F ig. cliptic, or the height of the nonageſimal degree; the 
24. point of the ecliptic aſcending ;, the point of the nona- 


mal degree. 


geſimal degree; and the azimuth of the aſcending 
point, the point culminating, and its altitude, &c. 

Let HZRC be the meridian, HR the horizon, 
Z the zenith; D the equinoctial, P the pole, 
CAM the ecliptic, E the firſt point of aries, S the 
ſun, PSB an hour circle, A the point of the eclip- 
tic deſcending, AN go degrees, and N the higheſt 
point of the ecliptic, ZNG a vertical circle. 

The place of the ſun at S being given his right 
aſcenſion EB 1s had by Prob. 1. And the hour be- 
ing given; the diſtance of the meridians, or the 
arch of the equinoctial BQ is given; and conſe- 
quently the complement BO. Therefore the diffe. 
rence of EB and BO, that is, EO is known. 

Therefore in the oblique ſpherical triangle AEO, 


there is given the angle AEO the obliquity of the 


ecliptic, and AOE the complement of the lati- 
tude, and fide EO; whence all the reſt will be 


found. Therefore we ſhall have, 


1. The angle EAO and its ſupplement SAO, 
which is the angle made by the horizon and eclip- 


tic; or which is the ſame thing, the arch NG the 


height -of the nonageſimal degree; this then is 
known. EE 

2. The fide AE will be known, and therefore 
the point A of the ecliptic deſcending will be known; 
and conſequently the oppoſite point, or the aſcend- 
ing point of the ecliptic is found. el 

3. The fide AO is had, which is the azimuth 
of the deſcending point in the weſt, or of the af 
cending point in the eaſt, therefore this becomes 
known. | | 

4. By adding AN or go degrees to AE, the 

arch EN is had, which gives the higheſt point, of 
the point of the ecliptic, that is, in the nonageſi- 


Ho Sin 


0 


Seb. II. PROBLEM S. 


GR = AO; whence GR, or the azimuth of the 24. 
nonageſimal degree from the ſouth is known. 
6. To find the culminating point. If to AO the 
quadrant OR be added, we ſhall have AR. There- 
fore in the right angled ſpherical triangle ARM, 
ve have the fide AR, and the angle MAR found 
before; to find the hypothenuſe AM; to which 
add AE found before, gives EM ; whence the cul- 
minating point M of the ecliptic is known. 
== Otherwiſe thus, in the right angled triangle 
== EQM, EQ and E are given to find EM, and 
angle M, and M. Whence MR, MZ are known. 
Or elſe, = 

7. In the ſame triangle, the ſide RM will be 
found, which is the altitude of the culminating 
point of the ecliptic. | | 
= 8. In the ſame triangle AMR, the angle M will 
be found, which is the interſection of the meridian 
vith the ecliptic, or the meridian angle. 
9. To find the parallactic angle, or the angle 
which the vertical circle makes with the ecliptic, 
Jas ZSM. In the right angled triangle ZSN, the 
= ſides ZN, NS are given; for ZN is the comple- 
ment of NG; and SN is the complement of AS, 
or of ES — EA; conſequently the angle ZSN or 
TS parallactic angle will be known. The ſame may 
be found in the triangle ZMS; where ZM, and 
angle Z Ms are given, and MS had by the 6th ar- 


Wricle; to find Z SM. „ 
10. In the ſame triangle the fide ZS will be 
found, which is the ſun's diſtance from the vertex, 
oer the zenith diſtance. b 


IS 


5 
2 


Gn — 


8 


5. Since AG, OR are both quadrants, therefore Fig. 


ASTRONOMICAL 
Let the vertical circle ZIS cut the horizon in T: 


24. and let MSA be the ecliptic, or any great circle 


parallel to FIK. Thro' the given point I, draw 
IL perp. to MSA ; then the parallactic angle Z SN 

is known by Art. 9. Therefore in the right angled 

ſpherical triangle ISL, there is given the angle ISL, 

and the fide IL, the diſtance of the parallel, 
from its great circle ; whence there will be found 
the angle SIL, 2 com plement of the parallacti 
8 KIS or r ZIF. 


Or thus, 


If the angle SAT, and fide AT, of the - righ 
angled — triangle AST, be known ; then 
it will be, 


As Col. IL : Co. AT: 8. SAT : Coſ. KIS the 


parallactic angle. For in the triangle AST (by Y 
Caſe 11th); Col. AT: Coſ. S:: Rad: S. A = 


_ Col. S 8 


Tol. AT * Rad; and coc IL : Col: 8: : Rad : 81 | 


| __ Col.S S 


Col. XT : ETC : th : Col IL : Col, AT: for | 


| Col. Ds and radius are common both. ; 


P R O B. XXXVII. | 


5 If a * or comet 8, Be in a line with two know 
3 ſtars A and B; and in another line with two other 
known ſtars, C and D. 7 0 find its latitude ai 


T longitude. | 


The longitude and latitude of all the ſtars A 
B, C, D, are known. Therefore in the triangle 


APB, the ſides AP, PB, and angle P are given; 


to find the angle PAB. Draw AC; then in tit 
0 triangle 


G e 


wo . K 2 


$a 2 


for 


be vertical circle 


Sekt. 11. P R OB L E MS. 38 


N triangle PAC, we have AP, PC, and angle P; Fig. EE: 


to find AC, PAC, and PCA; then we have the 63 
angle CAB. In the triangle CPD, we have CP, 
PD, and angle-CPD; to find the angle PCD; 
then we have the angle ACD. In the triangle 
ACS, we have AC, ACS, CAS; to find AS. Laſt- 
ly, in the triangle APS, we have AP, AS; and- 
angle PAS; to find APS the difference of lon- 
gitude of A and 8, and PS the complement of 
latitude of S. | RE 


If the interſection of the lines, or the place of 
the comet at 8, be out of the figure I the calcu- 
lation will be much the ſame. 


F” PR O B. XXXIX. : 
Having given the latitude of the place, the. day 28. 
and hour; and the latitude and longitude of a flar, © 
to find its altitude and azimuth, and the point where. 

cuts the ecliptic, and the angle. 
they make. By | 


Let HMPR be the meridian, HR the horizon; 


2 the zenith, DEQ the equinoctial, P the pole, 


MAC the ecliptic, ZFS a vertical: circle, PSB an. 
hour circle, - „ 5 | 
From the latitude and longitude of the ſtar, the. 
right aſcenſion and declination will be found, by 


| "1 Prob. XXXIII. and the day being given, the ſun's. 


now 
other if 
and 


rs A, 
angle 
ven; 
in the 
angle 


right aſcenſion is given. Whence there will be 
had the difference of right aſcebſions of the ſun. 
and ſtar, or the arch of the equinoctial contained 
between their meridians. And the hour being given, 
there will be given the arch of the equinoctial con- 
tained between the meridian of the ſun, and the 
meridian of the place PZ D. Hence by addition 
or ſubtraction, the arch of the equinoctial between. 
the meridian of the ſtar, and that of the place 
is had which is DB, or angle DPB. . 
G2 There 


86 
Fig 


ASTRONOMICAL 
Therefore in the triangle PZS, there are given 


25. the ſides PZ, PS, and angle ZPS: PS being the 


complement of the declination of the ſtar. Whence 


will be found ZS the complement of the altitude, 


and the angle PZS or the azimuth, equal to the 
arch FR ; then ſince OR 1s a quadrant, FO will be 


o * 


known, or the azimuth from the eaſt. 


Again, FO is known, and AO vill be found by 


the laſt Prob. therefore AF is known; alſo the an- 
ole OAG may be found by the laſt Prob There- 
ore in the right angled triangle AFG, the fide AF 
and angle FAG are known; to find the angle FGA, 
the interſection of the ecliptic and vertical circle 
and AG the diſtance of the interſection from A. 
Or elſe find MH and angle -AMH by the laſt 
Prob. Then in the triangle ZGM, there are given 
the angle MZG the ſupplement of FR, the angle 
ZMG the ſupplement of AMH, and the fide MZ 
the complement of HM ; to find the angle MGZ 
made by the ecliptic and vertical; and MG the diſ- 
tance of the point of interſection G from M; and 


laſtly ZG, the diſtance of G from the vertex or ; 


zenith Z. | 


5 


time and place. 


To eret? a ſcheme or figure of the beavens for any 


26, Let HMRC be the meridian, HR the horizon, 


DQ the equator, MAC the ecliptic. Having 
found the point of the ecliptic M that culminates 
at the time given, by Prob. 37, and D its right aſ- 
_ cenfion. To the right aſcenſion of D add 30 de- 
grees continually, or in the equinoctial DQ, make 


DB, BI, IO, &c. each equal to 3o degrees, quite 


round; to find the points B, I, O, T, V, &c. 
Thro' theſe points draw the circles of poſition 


 HBR, HIR, HTR, HVR, &c; interſecting the 
5 3 N ecliptic 


— a ME. 8 


al. tot ond wet and. Oe. nds 


r Ä a. ooh % ad. aac ws ac. a0 4 


ect. H. FROBEERMS : =_ 
ecliptic in N, K, A, L, S. Then theſe points are Fig. 
called caſps; A is the cuſp f the firſt houſe, L. 26. 
that of the ſecond, S of the third, C of the fourth, 
&c. round the globe, M of the tenth, N of the 
eleventh, K of the twelfth houſe. Then to find: 
theſe points of the ecliptic, or the cuſps of the 
ſeveral houſes; we have the ſeveral right angled. 
F triangles ADB, ADI, ADO, &c. and the oblique: 
_ triangles EBN, EIK, EOA, ETL, &c. to work 
| "i the right angled ſpherical triangle HDB, there 
is given DH the complement of latitude, DB an 
ack of 30 degrees; to find the angle DBH, or 
angle of poſition with the equator. Likewiſe in 
the ſeveral right angled triangles HDI, HDO, 
HDT, &c. there is given in each of them the ſide 
HD, and in the reſpective triangles, the ſides DI, 
DO, DT, &c. to find the angles of poſition at I, 
O, T, 6 hs | 
Again in the oblique triangle EBN, there is gi- 
ven the ſide EB, and the angle of 8 EBN, 
and the angle BEN, the obliquity of the ecliptic ; 
to find EN, the diſtance from the equinoctial point 
E. In like. manner in the ſeveral oblique trian- - 
gles EIK, EOA, ETL, EVS, &c. there is given 


9 reſpectively, the ſides El, EO, ET, EV, &c. and 
the angles at I, O, T, V, &c. and in all of them 
* the angle E. Therefore the ſides EK, EA, EL, 
= | ES, &c. will be found. And from hence are de- 
— termined the points of the ecliptic, in which the 
58 cuſps of the ſeveral houſes are placed. And the 
* cuſps on the oppoſite ſide of the globe, will be 
ke diametrically oppoſite to theſe. Thus the 7th and 
"a | iſt, the 8th and 2d, the gih and 3d, the 1oth and 
* 4th, the 11th and gth, and the 6th and 12th are 
5 oppoſites. The firſt is in the eaſt part of the hori- 
Po 20n, and is called the aſcendant or horoſcope, or the 
tic erient; the fourth is in the meridian below, the ſe- 
| 1 


N 


88 ASTRONOMICAL 
Fig. venth is in the weſt part of the horizon, and the 
26, tenth in the meridian above. And theſe are the 
poſitions of the twelve houſes at that given moment 

of time. But they continually change their places 

in the ecliptic ; for different parts of the ecliptic 

are always coming to the horizon, and to the me- 
ridian; ſince in 24 hours it makes a whole revolu- 


55 | 
PROB. XLI. 


27. Having the latitude of the place, and the right af- 
cenſion and declination of a ſtar; to find when it riſes 
coſmically or with the ſun; and likewiſe when it ſets 

coſmically, that is, when the ſun riſes. 


Find the aſcenſional difference as in Prob. III. 
which add to or ſubtract from the right aſcenſion, 
according as it has ſouth or north declination, and 
you have the oblique aſcenſion. F 
Let HDR be the meridian, HR the horizon, 

D the equinoctial, MAC the ecliptic, S the ſtar. 
Then in the oblique triangle EOA, there is given 
the oblique W e EO, the angle EOA the ſup- 

plement of DOH, the height of the equinoctial, or 
of the complement of the latitude, and the angle 

AEO the obliquity of the ecliptic ; to find the fide 

| FA, and conſequently the point A of the ecliptic, 
that riſes with the ſtar, Therefore when the ſun 
is in the point A it riſes with the ſtar. Therefore 
find on what day the fun is in that point of the e- 
cliptic, and that is the day on ck the ſtar riſes 
colmically. . : 

Again, add or ſubtract the aſcenſional difference 

to or from the right aſcenſion, according as the ſtar 
has north or ſouth declination, for the ablique deſ- 
cenſion EO. Then in the oblique triangle EOA, 

there is given EO, and angles EOA, OEA, as 
before, to find EA; and A is the point ſetting 
| | | wit 


Sect. II. P R O B L E M S. 89 


1 with the ſtar. And therefore the point ies to Fig. 
A in the ecliptic is the 7 of the ſun when he 28. 
riſes as the ſtar ſets. And by finding the ſun's place 
at that time, it is known when the ſtar ſets _—_— 


cally. 
PRO B. | XIII. 


Heal the latitude of the place, and the right of. #5 
cenſion and declination of a ſtar; to find when it riſes 
or ſets acronically, that is, at Jun ſet. 4 


Find the point of the ecliptic A, 3 * is, 27. 
when the ſtar riſes coſmically, by the laſt Prob. 
Then it it is plain when he is in the oppoſite point 

of the ecliptic, he ſets when the ſtar riſes ; there- 
fore find what day the ſun is in that point of the 

ecliptic, and that is the day, whereon the ſtar riſes 

acronically. 

| Again, find by * laſt Bud the place the fun 28. 

is in when he ſets with the ſtar, and that is his 
place when the ſtar ſets acronically. Therefore 


find when he is in that point, and that is the time 
when the ſtar ſets acronically. EY 


PR OB. XLIIII. 


Given the latitude of a place, and the right al 
cenſion and declination of a ſtar ; to 0 * belia- 
cal riſing and ſetting thereof. 


Let G be the place of the ſun when the ſtar at 27. 
S riſes heliacally ; that is, when it can firſt be ſeen 
to riſe, the ſun being ſo far below-the horizon, as 
not to make it inviſible by its light. Thro' the 
zenith Z, draw the vertical circle ZIG, then in a 
ſtar of the firſt magnitude, IG muſt be. 12 de- 
grees, and in one of the ſecond magnitude, 13 
degrees, and the moon 5 degrees. Then in tze 
ng - right —_ ung AIG, there is given _ 
an 


<2 
. 
2 
, 2 — ˙àn: ee NG — — 
— = A re oo 


z>  ASTRONOMITAL © 
Fig; and the «angle IAG may be found by Prob. 
27. XXXVII. therefore AG'will be had. And this "4 
added to EA found by Prop. XL. gives EG the 
ſun's diſtance from the equinoctial point E; and 
the ſun's place being had, the time becomes known 
when he is in that * and conſequently when 
r 7 un - 
28. In like manner, ic G be the place of the ſun 
when the ftar S ſets heliacally, or will not be affected 
by the ſun'> light when ſetting. Then AG, found 
as before, ſubtracted from the place of the ſun, 
found by the laſt Prob. gives the ſun's place at G; 
and from thence 1s had the time when * is in G, 
which is the ſame as when the ſtar is at S or ſets 
heliacally. „ 
Cor. A far becomes invifible all the time from 
Dis beliacal ſetting, 10 his heliacal riſing. - 
For all this while it is too near the ſun, and up 
in the day time. 1 


86. Given the latitude of the place, and the right af- 

87. cenſion and declination of two ſtars A, B; 10 find 
|} the time when they will both be upon one azimuth; 
1 and alſo the azimuth. | | 


Let Z be the zenith, P the pole, ZBA their 
common azimuth circle; PB, PA two meridians. 

In the ſpherical triangle APB, there is given the 
two ſides AP, BP, and the included angle APB; 
to find the angle A or B. Then in the triangle 
ZPA, there are given the ſides ZP, AP, and an- 
gle A; to find the angle ZPA, or the time of A 

rom noon; and the angle PZ A, or the azimuth 
from the north. Or elſe in the triangle Z PB, 
there is given the ſides ZP, BP, and angle B 5 » 


azimuth. 86. 


and right aſcenſion of a ſtar. 


Whence 7s or variation of BF = 


Sed. 1. PROBLEMS, | i... 
find the angle 2 ZPB, me time of B, and PZB, the Fig 


Cor. 1. In the . Fe 2 AP. or ZPB, 4 hs 87. 


altitude Z A or ZB may be found, at "that time. 


Cor. 2. If inftead of the latitude, the altitude ZA, 
or ZB be given; the latitude ZP * be * in 
the ſame triangle ZPA, ar 2 


P R 0 B. XLV. | 
To find the annual variation of 4 the declination $4: | 


85. 
Let * be the equator, B its pole, GH the 


ecliptic, A its pole, F a ftar, which in a year's 


time comes to r. Then ſince the latitude never 
changes, Ar will be e ual to AF, Thro' F and 
7, draw the circles of longitude AF, Ard; w_ 
the meridians BFp, Br, and draw Fr, Fs perp. t 

AF, BF; whence the < rFs = < AFB, Then 
will »d be the variation of the angle A, or of the - 


| longitude, which is conſtantly the ſame = 50.35; 


and ?q is the variation of B, or of the right aſcen- 
| lion; and rs is the variation of declination. 
By ſimilar ſectors nd: Fr:: rad: S. AF; and 
- Fr : 1s Ser S.BF. A. Therefore, nd 
(var. A): rs (var. BF) : : rad“: S. AF Xx S. BFA. 
| S. AF x S.BFA 
e 
73 S. AB X S. ABE K S. AB x Coſ. CF 
1 TR ” 
nd, where AB and ud are given. . 


Again, : 
It will ba ud : Fr: : rad: S. AF, 


and Fr: Fs: : rad : S. Fre. or Col. AFB, 
and Fs : pq : : S. BF: rad. 


„ heres 


2 5 
my therefore ad: pg: rad x S. BE:. S. AF x Coſ. AFB, 


| 
ASTRONOMICAL 


S.AF x, Cof. AFB 
. and pq or var. EX —Tad x S.BF * nd = 


8 x Co. AFB rad- 


r N= e 3 
Corn, AFB & | 


= 
Ei. R 2 


8.5 F * 
1. For the var. declination. 


To the conſtant log. ik. 302408, add the log. cox 


- ine of the ſtar's right aſcenſion from the neareſt 


equinoctial point, the ſum (rejecting 10 for radius) 


is the log. of the variation in declination. 


In the iſt and 4th quadrant of the ecliptic, the 


ſtar approaches the north pole B; in the 2d and 
3d quadrants, it recedes from 1 it. 


2. For the var. of right aſcenſion. 
Firſt, to find the angle F, ſay as Coſ. lat. of the 


ſtar (AF) : Col. its right aſcenſion CBF) S. AB 


(23 29): S. F. Then, | 

To the log. cotangent of F, add the log. of the 
variation of declination (rs); and from the ſum, 
ſubtract the log. coſine of the declination of the 
ſtar, the remainder is the log. of the variation of 
right aſcenſion, for a year. 

The right aſcenſion always increaſes, except 

when the angle F is obtuſe, which happens when 
the ſtar is between the poles of the equator and 
ecliptic ; and then it decreaſes. 


Examp. 
For the ſtar allioth, whoſe right aſcenſion is 


| 8 lat. 54 2005 e 37 19. 


I 


1. Var. 


E 


| the variation of right aſcenſion. 20 


ſtars. 


Set. II. P R OB L E Ms. 


1. Var. declination. 
Conſtant 0. — — * 
| Col. 105 44 | — — 9.992334 
— 19 * _- var. decl. „ . e, 


2. For right dada ntono ties 


Coſ. 54* 20 — — 9.765719 - | 
Coſ. 10 4 — — 9.992334 

S. 23 29 — — 9.600409 
* : 19. 592743 

S. F, 42 111 — — 2.822024 

Coſ. F.q211 — — 10.042769 
1976 — — — 1.29472 

11.337511 


Coſ. 53) 9g = — 9.2329 
＋ 40" 38 — — — 1.605121 


—— 


P R O B. XLI. 
2 o find the Sour of the "M3 Þ the W 


Find the ſun's * A and ſubtract it 
from the right aſcenſion of the ſtar given, taken 
from the followin table (Col. 2:); the remainder 

is the time of ni * when that ſtar is directly un- 
der the pole ſtar: which is known by nn up 
a line and plummet. 125 

Note, The edge of a Aide or door ſtead, 
facing the north, may ſerve inſtead of a line and 
plummet. 


If the ftar you obſerve happens to be above the 


pole, add 12 hours to the time. 


If you have not a table of the ſun's right aſcen- 


| Hon at hand; you may make a ſhift w * the fol- 
lowing ſhort table. 


= A Tana | 


ASTR ONOMICAL 


A ! Tax BLE of circumpolar Stars. 


** r 


i el — Aſcent. 


r. {dif.R.Ay 


m : 8 


0 43 53] 
1 27 00 


20 


23 
35 


42 
| 44 


43 


37 


19 


| o 8 ſc 
11 18 
6 
25 30 
7 
16 51 
17 40 
o Is 
11 38 
17 1643 


= | 
0 . 7 


132 28 


3 2 43W 


© 2 lo 


47E 


20 50 
10 


3 


50 26 


3 34 20909 
803 21 14W| 


0 25 40% 
© 57 8: 


toE | 
1 34 36E | 


8 


5 W O L O ND 


The firſt 1 is "the names of the flars; the 
2d is the ſtars right aſcenſion when under the pole 


ſtar; the 3d is the increaſe of right aſcenſion every 


10 years; the 4th is the difference of time between 


the ſtars 


ing under the pole, and under the pole 


Mar; the th is the azimuth at that time; and the 


| left: is ahe 


x Naas TR is made for the 


middle of England. 


The following Table is a Table of the 1 8 


right aſcenſion, the 1oth day of every month, at the 


following midnight, being adapted to the mean 


time of — obſervation of the ſtars. 


Seck. Il. PROBLEMS. 
A TaBLE of the ſun's right wferfon | 
| Months | H. M.. 
| Jan. _ pu "28 | 
| Feb. | 1 
Mar. = 8 27 
1 Apt. 10 | RL «28 ab 
| May 10] 3 13. þ 
June 10 | 5 19 
4 July Wi MES 8: | 5 7 
. Aug. 10 9. 24 | 
"Sept. — AS IS fei ane 
| Oct. 10 132 71 
Nov. 10 15 * 
Debt mins. 
To find die ſun's right aſcenſion for any day; 
find it for the 1oth day of the month propoſed, 


and add or ſubtract ſo many times 4 minutes, as 
| the day propoſed is after: or before the roth md Or 


more 3 4 — I'F winutes, for every os 


ScuoLIUM. 


That the reader may have an idea of the ſtars 88. 
to be obſerved, as in the cincpal table, I have 
here given a map of the principal ſtars about the 
north pole, as follows. i 5 


* 
— e ̃ͤ . ꝗ¶ ⁰rq..̃—˙·: 


P the north pole 10 Great bear's tail 
E the pole of the ecliptic | 11 Little bear 

1 Caſſiopeia's Chair _ ] 12 Laſt joint-drag 

2 Caſſiopeia's hip 113 Dragon's — Es 
3 Caſſiopeia's foot 114 Dragon's head es 

4 Perſeus's fide {15 Lyra 4 
' Capella 5 1.16 Dragon s belly 

6 Great bear's lip 17 Swan's tail 

7 Great bear's foot | x Cepheus's left ſhoulder 

- * 8 Lower pointer 19 Cepheus's knee 
9 Allioth | | } 20 Pole Star, 


PROB. 


* 


Fig. 


AS TRONOMICAI. 
Pp R OB. XLVII. 


To find the aberration of the fixed lars ; ; cauſed | 
by the compound motion of the rays of light, an 7 7 


the earth in its orbit. 


It is bond by frequent JEN of the eclipſes 


of Jupiter's Satellites, that light is about 8 minutes 


in moving from the ſun to the earth. And ſince 
the earth deſcribes about 1 degree (or 3600") in a 
day (or 1440”), therefore in 8 minutes, it will de- 
ſcribe 20”, in its orbit; and therefore the velocity 
of light, is to the velocity of the earth in its or- 
bit; as radius to an arch of 20 ſeconds, or the 
oN 


third part of a minute, that is, as 1 to 
or .o0009697, or as 10 300 to 1. That is, the ve- 


locity of light is 10300 times greater than the ve- 
locity of the earth in its orbit. 


Now if AN be the way or path of a body in 


free ſpace, as of a ray of light; its apparent way 


on a moveable plane will be different. For it will 


be that which 1s made by the reſolution of the two 
motions of the body and plane. Thus if AN be 


deſcribed in any time by the body, and NF be de- 


ſcribed by (a point in) the plane, in the ſame time. 


As the plane moves forward in direction NF or 
AB, it leaves all the points of the fixed line AN 
behind it, all which will therefore ſeem to move 
backwards in the plane. Therefore make ND = 
NF, being taken backwards or contrary to the 


motion of the plane; and the body, inſtead of 


going to N in free ſpace, will ſeem to go to D, 
in the ſame time, upon the moveable plane; and | 
therefore AD will be the apparent N of the 
body in that _ 

It will be the very ſame thing; if you ſuppoſe 


the * fixed, and the _— to have the plane's 


motion 
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motion communicated to it, in a contrary direc- Fig. 
tion, ſo as the relative motion be the ſame as be- 89. 
fore. Thus if the body moves from B to A, in 
the ſame time that it would alſo move from A to 
N, then by that compound motion it would move 
along the diagonal BN of the parallelogram whoſe 
ades are BA, AN, and in the ſame time. 


T)herefore rays of light emitted from the ſtar in 
direction AN, will fall upon the point D of the 
moving plane; and therefore will fall upon the eye 
ef the obſerver, in the direction AD. And there- 
ore an obſerver at D will ſuppoſe the ſtar ſituated 
Win the line DA. And conſequently, if BN be pa- 
rallel to AD, and the point D tranſlated to N in 
the ſaid time; an obſerver at N will ſuppoſe the 
ttar ſituated in the line NB; making the angle 
NF or ADF leſs than ANF, the angle it would 
Wappcar under, if the plane was at reſt. So that 
che angle of elevation BNF, above the line of di- 
rection NF, of the obſerver, is leſs than before, 
being taken on the fide F, towards which the ob- 
eerver moves. And the obſerver, inſtead of ſeeing 
de ſtar at A its real place, will ſee it at B its ap- 
garent place. But on the contrary, if the obſerver 
noves from F to N and D, and B be the real place of 
be ſtar, its apparent place would be at A, to an 
bſerver at N. „ „„ 
The apparent place B is always in the plane of 
aberration, drawn thro* the way of the obſerver 
NF, and the line NA drawn from the obſerver to 
he real place of the ſtar; for AB-being parallel 
o NF, is in the plane ADNF. And the angle 
NA or NAD is the angle of aberration z by the 
uantity of this angle the ſtar is depreſſed, in going 
owards it; or raiſed in going from it. 22 
Further in the triangle AND; it is, AN :+ND :: 
ADN: S. NAD; but AN and ND being given; 
he S.NAD the aberration will be as the ins” R 
= x. ut 


1 

. 

| 

z 
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But becauſe AN is 10300 times' greater than 
ND ; therefore the S.NAD does not differ from its 
arch or angle; whence, the angle of aberration 
NAD or AN is always as the ſine of the angle of 
the earth's way, ADN or ANF. And hence the 
angle of aberration ANB is greateſt, when AN 1 
perp. to ND; and becomes nothing, when ANF 
is nothing. 1 
Since AN is to ND, as radius to 207%; therefore 
when AN 1s perp. to ND, the angle NAD or 
ANB will be 20% which is the greateſt it can be. 
In other caſes it will be, as radius to S. angle of the 
earth's way ANF : : ſo 20% to the aberration, an- 


ſwering to that angle; which angle is always taken 


90. 


in the plane of aberration AD NF. Ho 
Theſe things premiſed, let BCDE be the earth's 


orbit, S the ſun, A or Qa ſtar at an almoſt infi- 
© Nite diſtance, N any place of the earth in its orbit, 
IThro' the ſtar A draw the circle of longitude AH 
perp. to the plane of the ecliptic, and draw KSBH, 


d ESC perp. to it, or parallel to the tangent at 


| B. Draw the tangent Na, and draw NI towards 


the ſtar, and make NI to Nd as the velocity of 
light, to that of the earth, or as 10300 to I, and 


draw dl which leads to the apparent place of the 


ſtar; and ſuppoſe DA, SA parallel to dl, NI; 


then DA will alſo lead to the apparent place of the 
ſtar. Draw SFG perp. to SN, or parallel to Na. 
Then will INa be the plane of aberration. This 


plane continually changes its ſituation, revolving 


round the ſun in a year along with the tangent Na. 
And ſince AS, SF are parallel to IN, N/, there- 
fore angle ASF is equal to INf, and therefore 
ASF is equal to the angle of the earth's way. Hence 


the plane ASF may be taken for the plane of a- 


berration, which continually turns round the line 
A8, as the earth revolves about the ſun; the line 
SF being always in quadrature with the earth at N. 


8 Let 
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Let the earth be at E, then the plane of aber- Fig. 
ration ASB wall be perpendicular to the ecliptic; go, 
and the angle of the earth's way ASB is the leaſt 
that it can be, and therefore the angle of aberra- 
tion the leaſt, Whilſt the earth moves to B, the 
\ angle. of the earth's way, and of aberration in- 
creaſe ; and at B the plane of aberration is ACS, 
and the angle of the earth's way ASC is a right an- 
gle, which is the greateſt it can be; therefore the 
| angle of aberration is the greateſt poſſible. Whilſt 
the earth moves to C, the angles of the earth's way 
and aberration decreaſe again, and at C are the 
leaſt, And in moving to K they increaſe again to 
EK, where they are greateſt. And from K to E. 
they diminiſh again, where they are leaſt, . 
It is plain then, whilſt the earth is at E moving 
towards N, the ſtar's apparent place is at e lower 


„ Th Chr I oe EE 
3 


. than A; at B moving towards F, it appears at þ for- 

1 ward. When the earth is at C, the ſtar appears at 

, c above A. And when the earth is at K, the ſtar 
it is ſeen at x, having gone backward. - 


Hence it appears, that the apparent place of a 
ſtar deſcribes a ſmall ellipſis in a year, about the 
true place of the ſtar in its center, whoſe tranſverſe 
axis is parallel to the ecliptic ; and leſſer axis per- 
pendicular to it. This ellipſis is bc&e anſwering to 
the places of the earth at B, C, K, E. And the 

points 5, c, &, e, anſwer reſpectively to the points 

C, K, E, B, where the plane of aberration cuts | ; 
the ecliptic, being go degrees before the earth, or 


F 

i! 
s 4 

vt; 


90 degrees behind the ſun. | 


To find the angle of the earth's way ASF, when - | 


re the earth is at any place N. Draw the arch AG; 
co bbhen in the ſpherical triangle AG, right angled 
a- at H; we have the ſtar's latitude AH, and the 
ne ſide GH, the complement of the angle NSB (NSB 
ne being the difference of longitude of the earth and 


ſtar); whence by Caſe 14th, of right angled ſphe- 


H'2 rical 
„ 
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rical triangles, the hypothenuſe AG will be had, 
which is the meaſure of the angle ASG or ASF. 

And ſince the aberration is always in the plane 
of aberration ; therefore when the earth is at N, the 
plane ASG is the plane of aberration, and the a- 
berration lies in the arch AG, from A towards G; 
but the contrary way when the earth is in the 
Point of the ecliptic oppoſite to N. And therefore 
in the ſame triangle AC, having AH, HG by 
Caſe 13, the angle GAH is had, being the angle 
which the line or arch of aberration makes with 


the circle of longitude AH. Hence are deduced 
the following articles. | 


Cor. 1. The angle of aberration (SAD), to an 
obſerver at N, is always in the plane ASF, cut. 
ting the ecliptic at F, go degrees before the earth, or 
behind the ſun. And it always lies from A towards 
that way the earth is moving. And therefore a ſtar 
appears lower, when the earth moves towards it; and 
higher when it moves from it. | 

For NF. is a quadrant ;. and when the earth is 
moving in E, the aberration lies from A to. e; 
when the earth is in B, it lies from A to 5. When 
in C, it lies from A toc. And when in K, it lies 
trom A to &. = | 


Cor. 2. The aberration in longitude is conſtant 
20%; and alſo 20" in latitude, at the pole of the e. 
cliptic. For other latitudes, it is as the fine of the 
ftar's latitude, . . 


Cor. 3. If a ſtar was placed in the pole of the 
ecliptic, it would appear to deſcribe à fmall circle 
round the pole, in a year, whoſe:diameter is 40, And 
ny other ſtar would ſeem to deſcribe in a year, a 
mall ellipis, whoſe greater axis is 400, parallel to the 
ecliptic ; and the leſſer axis perpendicular ts it, - 

| - + -. eſs 
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/ than the other in the ratio of radius to the fine Fig. 
F be ſtar's latitude. | | 20. 
le Cor. 4. When the ſtar is in the hies that i „ 


in conjunction or oppoſition to the ſun; there is no a- 
berration in latitude, but the 2 aberration in 
longitude. | 


Ie For when the earth is at B and K, the ſtar ap- 
= pears at þ and &. 

Y 

le Cor. 5. When the tar is in the „ with 
th the ſun, there is uo aberration in longitude, but. the 
ed greateſt aberration in latitude. In the mean places it 


{ 


partakes of both. © | 
For when the earth is at Fs and C, ee ap- 


1 pears at e and c. 

{ w ; 
Cor. 6. Hence the n of a given 4 at a 

rds WE given time of the year, may be eaſily found. | 
ar Find the difference of longitude between the ſtar 

2nd and the earth (or ſun), at that time. Then ſay, as 


radius: fine of that difference : : ſo the coſine of 
the ſtar's latitude : coſ. of the angle of the earth's. 
way, which being found; ſay, as radius : S. earth's | 
way : : ſo 20 ſeconds : to the aberration at that 
time. 

= And to find what angle it makes with the circle 
of longirude AH; ſay, as fine of the latitude: 
(AH): radius : : tan. diff. WY (SH): tan. 
angle ſought. Abh. ; 


Cor. 7. And from Saver: the. aberration in iitude EE | 
aud longitude may be found. — 
For ſince the ſmall arch or line of 2 

luppoſe Ao lies in the arch AG, and the angle 


And HAG is known. It will be, as radius : to the- 
„ 4 whole aberration Ao.: : S. angle GAH: to os the 
r aberration in the parallel of A:: and ſo coſ. GAH: * 
a 


to As- the aberration in latitade: And col. lat. 
"WY AH < 
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AH : radius : : ſo is og: to the aberration in longi- 


tude. Whence, coſ. AH : S.GAH : : Ao: aber. 


ration in longitude, 


91. 


Cor. 8. Hence alſo the aberration in right aſcenſion 
and declination may be eaſily found. 

Loet EQ be the equinottial, P its pole, CL the 
ecliptic, K its pole, A a ftar, KAH a circle of 


longitude, PAB a meridian. In the right angled 


fpherical triangle CBD, it will be (by Caſe 8), rad: 
r Pu 1 5 S.DCB x cof. CB 

S.DCB : : cof. CB: col D = ——— 
and in the triangle AHD, rad : S. DAH: : col. 
AH: coſ. D = = * Therefore 
S.DCB Xx coſ. CB = S.DAH x cof. AH. There- 


fore coſ. ſtar's latitude (AH): coſ. of its right af- 


cenſion (CB): : ſo ſine of the obliquity of the 
ecliptic (DCB) :.S. angle DAH, which a circle of 
longitude makes with a meridian, or circle of right 
aſcenſion, at the ſtar. But the angle GAH is 
known by Cor. 6. therefore the angle DAG is 
known, being the ſum or difference of DAH and 
HAG. Let Ao be the whole aberration ; and draw 
on perp. to PB, or draw the parallel of declination 
zor. In the triangle Ano, it will be, as rad: Ao 


the whole aberration : : fo the S. Ao: to 10 the 


aberration in the parallel ar: : and ſo coſ. nAo : to 


An the aberration in declination. Laſtly, coſ. de- 


clination (S. PA): radius: : ſo 120: BF the aberra- 
tion in right aſcenſion. Whence as coſ. deelination 
(AB) : S. DAG; : Ao : BF the aberration in lon- 


gitude. 


Cor. 9. The apparent latitude of a ftar will be 
Laſt when the ſun is go before the ſtar; and greateſt 


when the ſun is 90 degrees behind the ſtar. Alſo the 


apparent 


* 
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apparent longitude will be leaſt, when the ſun and ſtar Fig, 
are in conjunction; and greateſt, when in oppoſition. 91. 


Cor. 10. The velocity of light is 10300 times. 
greater than the velocity of the earth in its orbit. 


le Cor. 11. This aberration by the motion of light, is: 
of quite different from the parallax of the annual orb. 
ed For by this latter, the parallax in longitude is great- 
'P eſt in the quadratures, and nothing in the ſyziges.. 
; And the parallax in latitude is greateſt in the ſyziges, 


and none at all in the quadratures. 


x ScCHOLIUM. 
= This aberration by the motion of light will alſo: 
affect the planets, but not in ſo regular a manner, 


#7 by reaſon they are not far from us. For in this. 
* caſe we cannot make uſe of the plane ADS. But 
1 in regard to the plane INa, and the places N, and: 
be I, of the earth and planet. The aberration NI4: 


will be the ſame as in a fixt ſtar, in the ſame di- 
rection NI. 83 1 
Dr. Bradley, who found out this aberration, 
bound out another ſmall mation in the fixt ſtars. 


— This motion is only apparent in the ſtars, but is 
Ag really in ,the earth; and is cauſed by the moon: 
5" acting upon the equatorial parts of the earth, by 
6 which means the pole of the equinoCtial is conti- 
Fay nually changed, and cauſed to deſcribe a ſmall: 
f circle round the true pole, of 18 feconds dia- | | 
5% meter, in 19 years, or the time of revolution 
oo of the moon's nodes. By this means the places i 
25 of all the ſtars ſeem to be changed ſo much in Ml 
that time. And this motion is ſuch, that the 
' be moving pole always lies between the mean pole, 
teſt and the go degrees of the moon's orbit on that ſide 


the equator, and is 9 nearer. to it than the mean. 
pole, And the moving pole and this goth. degree, 
| H4 on 


- A 
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Fig. 
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this motion in my book of Fluxions, and found 


ASTRONOMICATL, &c. 
or higheſt point of the orbit, always accompany 
one another in their revolution. I have calculated 


the diameter of the little circle 21 ſeconds. They 


that want to ſee it, will find it. in Cor. 3. Prob. 


ExV1., of that book... : © 


If theſe two motions ariſing from the aberration 
of light, and the mutation of the earth's axis, 
ſhould conſpire together; they will produce an er- 


ror of half a minute in the places of the ſtars. So 
that it is no wonder if the places of the ſtars, ta- 


ken at different times, differ fronhone another, and 


from their mean places, which muſt be eſteemed 


their true places. But from what has been here 


laid down, thefe errors may at any time be correc- 
ted, and their true places found. I have dwelt 


the longer on this, becauſe it is abſolutely neceſſary 
to have correct places of the ſtars; for this is the 


very ground and baſis of all aſtronomy. 


SECT: 


3 


T HE ſolution of the problems of the ſphere, 


- [105] 
s E C T. It 
The Uſe of the Globes in Aſftranomy ; 
and the Solution of the principal Pro- 


| blems of the Sphere thereby. 


— 


Te 


by trigonometry as delivered in the laſt ſec- 

tion, being oftentimes intricate and. tedious z and 
as there are not many people who will be at the 
ains to learn ſpherical trigonometry, and yet 
would be deſirous. to know how to reſolve the 
common problems of the ſphere. Therefore ma- 


| thematicians have contrived two globes, the celeſ- 


tial, and terreſtrial globes, by help of which, theſe 
problems may be reſolved mechanically, pretty 
near the truth, and with incredible eaſe and expe- 
dition. This 'makes the practice very delightful | 
and highly inſtructive, eſpecially for ſuch people 
as have not had time to be fully informed of the 


theory. And it likewiſe gives a better notion of 
the circles of the ſphere, and the uſes thereof in 
the practice of aſtronomy ; when a perſon ſees how 


they are applied in, the ſolution of problems. I 
{hall therefore, for the ſake of the learner, give the 
ſolution of ſeveral problems, eſpecially aſtronomi- 
cal ones, by help of the globes, after I have given 


a ſhort deſcription of them. Altho' a ſight of 


theſe globes will at once give a better idea thereof, 
than can be conveyed by a multitude of words. 
A Globe is made perfectly round, of paper or 
ſome light matter. In two oppoſite points of it 
are fixed two pins or wires, upon which the globe 
turns round ; theſe are called its Poles. And theſe 


4 


1 © 7 


two wires, produced thro? the center of the globe, 
repreſent its axis. Theſe pins or wires turn round 
in two ſmall holes made in a braſs circle, which 


| ſurrounds the globe; this circle is called the braſs 


Meridian. Round the middle of the globe, equi- 
diſtant from the poles, a circle 15 drawn, and di- 
vided into 360 degrees, this is called the Equinoc- 
tial. There is alſo another great circle drawn round 
the globe, and interſecting the equinoctial in an 
angle of 23+ degrees, this is the Ecliptic. The 
brazen meridian 1s divided into degrees on the eaſt 
fide, and one half is numbered both ways from 
the equinoctial to the two poles, and the other 
from the poles to the equinoctial. There is a flat 
wooden ring goes round the globe, called the Ho- 


rixon, its upper plane lies even with the center of 


the globe; on this are ſeveral circles; the inner- 
moſt of which is a circle of degrees. The next 
the ecliptic and its diviſions, with a circle of months 
and days; the laſt, the points of the compaſs. This 
horizon is ſupported by 4 feet; in it are 2 ſlits to 
receive the brazen meridian, which will turn about 


within them. An Hour circle with 24 hours on it, 
is fixed to the braſs meridian at the north pole; the 


hours of 12 being on the upper and lower parts of 


the meridian; and an index goes upon the wire, 


which turns round as the globe turns, and ſhews 


the hours. There is a quadrant of altitude, this 


turns round at the zenith, fixed there by a nut and 
a ſcrew, where its center of motion is; it is divided 
into go degrees, from the horizon. There is a 
braſs ſemicircle called the Semicircle of Poſition, di- 
vided into 180 degrees, whoſe ends are fixed to 
the north and ſouth points, but may be taken off, 
and applied as there is occaſion. There is alſo a 
mariner's compaſs on a pedeſtal below the globe. 


The tropics and polar circles are drawn upon the 


globe. The equinoctial and ecliptic are divided 
1 5 VV into 
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into 360 degrees, beginning at the interſection, 
where the ecliptic running eaſtward, draws towards 
the north pole. The ecliptic is alſo divided into. 
12 ſigns, and each ſign into 30 degrees. | 
Upon the ſurface of the terreſtrial globe, are def. 
5 cribed all the countries and iſlands in the known 
. = world, and the ſeas adjoining; in their true pro- 


D __ „ 


1 portions and ſituations as the places lie; —_ 
n place having its proper longitude and latitude; 

0 diſtinguiſh which, meridians are drawn thro? _ 
& poles at every 15 degrees diſtance ; and parallels 
n at every ten degrees diſtance from the equator. 
0 The firſt meridian uſed to be drawn thro' the iſle 
it Ferro, or the weſtermoſt part of Africa. 

* Upon the ſurface of the celeſtial globe, are 

f drawn the ecliptic and its parallels at 10 degrees 
. diſtance; and circles of longitude thro? the poles 
xt of the ecliptic, at 10 or 15 degrees diſtance from 
38 one another. The ecliptic is divided into 12 ſigns, 
3 numbered eaſtward from the interſection of it with 
to the equator. Upon eee of this globe are 
ut drawn all the conſtellations in the heavens; with 
it, all the ſtars belonging to each, every one in its 
ne proper longitude, latitude, and magnitude, as 
of they are in the heavens. All the celeſtial e 
e, being placed upon the common ſurface of ti 


will have the ſame appearance, as the ſi 
the ſtarry heaven, to an eye placed without 1 it. 


The motions peculiar to the globes are theſe. 

ed The pole may be elevated to any height, by turn- 
ing the braſs meridian about, within the notches 
li- of the horizon, till the degrees required touch 
to dhe horizontal plane. Likewiſe the globe may be 
#, turned round upon its axis, or upon the two poles z 
a All it revolves thro' any number of degrees, count- 
be. ed upon the equinoctial, at the braſs meridian. 
he And if the index of the dial-plate be ſet to 12, it 
ed Vill move along with the globe, and ſhew the hours 
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F 
correſponding to that motion. By help of the 


magnetic needle, the globe may be ſet north and 


ſouth, having proper regard to the variation. The 
quadrant of altitude ſet to the vertex, or any other 
point, is moveable round about, and ſo may be ap- 
plied to any point of the globe. By theſe motions 
the following problems are ſolved. 


P R O B. I. 


7 rectißy the globe, or ſet it in the fame poſt ton as 
te earth Hei is in. 


Place the globe level upon a horizontal plane; 


and by the help of the box and compaſs ſet it north 


and ſouth. 

In north latitude, raiſe the north pole above the 
| horizon, equal to the latitude of the place; which 
is done by moving the braſs meridian along the 
flits in the horizon, till the upper edge cut the 
degrees of latitude upon the meridian ; there let it 

reſt. If you are in ſouth latitude, you muſt raiſe 
the ſouth pole as much. 


Reckon your latitude from the equinoctial to- 


wards the elevated pole, and that point is the ze- 
nith. There fix the quadrant of altitude with the 
ferew, that the graduated fide may be cloſe to that 
int. 


Turn the globe about its axis, till the place you 


live in comes under the braſs meridian. Then the 


globe is in the ſame poſition as the earth. 

Bring the ſun's place in the ecliptic, to the braſs 
meridian, and ſet the hour index to 12 o'clock at 
noon. Then the globe is rectified to the place of 
the ſun; and is in the ſame poſition as the heavens, 
at 12 0 clock. 8 


PR OB. 
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To find FE place, and the right aſcenſion and deci 
nation of the _ for any time given. 
| Look in the circle of months and days, for the 
time given; againft it in the ecliptic circle, you 
will find the ſun's place. Seek his place in the eclip- 
tic upon the globe, and bring it to the braſs meri- 
dian. Then count the degrees on the equator from 
the beginning of Aries to the meridian, and that 
is the fun's right aſcenſion. Likewife reckon the 
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degrees of the braſs meridian between the equinoc- 


tial and the ſun's place; and you have the ſun's 
declination ; which will be north or ſouth, accord- 
ing as it is towards the north or ſouth Pole. 7 


Cor. If the globe be refiified far the place, the 
ſun s meridian altitude may be found. 
For having the ſun's place, count the degrees 
from thence to the horizon, and that is his meri- 
dional I 


ROB. III. 


3 


On a given ie, to find the time of ſun-riſe and 


ſun-ſet, the ſun's oblique aſcenſion and deſcenſion, length 
of day and might, and his amplitude. 


Find the fan's place upon the horizon for the 


_ given time, and ſeek it in the ecliptic on the 


globe. And the globe being rectified to the lati- 
tude, bring the ſun's place on the ecliptic to the 
braſs meridian. The globe reſting there, ſet the 


hour index to 12 o'clock. Then turn the globe 
about eaſtward till the ſun's place be in the eaſtern 
yu of the horizon, and the index will point the 


our of ſun-riſe. Alſo if the globe be turned the 
otker way, till the ſun's place be in the weſtern 


horizon; 1 


N N 
horizon; the index will point to the hour of ſun- 
ſetting. 5 N 
The length of the day is had by doubling the 
time of ſun-ſet, and the length of the night by 
doubling the time of ſun-riſe. A | 
When the place of the ſun is brought to the 
eaſtern horizon, mark what degree of the equinoc- 
tial is alſo in the eaſtern horizon; and that is the 
ſun's oblique aſcenſion. Alſo the ſun's place be- 
ing brought to the weſtern part of the horizon; 


the degrees of the equinoctial cut by the horizon, 


ſhews the oblique deſcenſion of the ſun. 


Reckon the degrees between the eaſt or weſt 


point of the horizon, to the ſun's place, brought 
to the horizon; and that gives the eaſtern or weſ- 
tern amplitude ; which will be north or ſouth, 
according as the declination is north or ſouth. 


Cor. Hence the time of ſun-riſing, and the length 


of the longeſt day may be found. 


For if the 1ſt point of Cancer be brought to 


the horizon, the hour index will point to the hour 
of ſun- riſing, from whence the length of day and 
night may be found. _ 
NOB. IV. 
Having given the hour of the day at one place; to 
find what o'clock it is, at any other given place. | 


Bring the place you are at to the meridian z ſet 
the index to the hour given. Then turn the 


globe about till the other place comes to the me- 
ridian; and the hour index will ſhew the hour, or 


what o'clock it is at the other place. 


Cor. The difference of the longitude of theſe tuo 


places may then be found. 


ed 


For if the difference of the times be convert- 


yp 
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ed into degrees, allowing 15 degrees for an hour; 
the reſult will be the difference of longitude. 


To And the place where the ſun is vertical, at any 


given time. 


* 


The time being given, the ſun's declination is 


had by Prob. II. bring the place where you live, 


to the meridian; ſet the index to the given hour of 


the day. Then turn the globe about till the index 
points to 12 o'clock at noon. Then ſeek the de- 


clination on the meridian, and the point under it, 


is the place where the ſun is in the zenith. 


Cor. 1. Hence all the places where the ſun is riſing 
or ſetting may be found. | 


For it a great circle be ſuppoſed to be deſcribed 


at go degrees diſtance from the place found, it 
will be the circle ternfinating light and darkneſs 
upon the earth. And then the ſun is either riſing 
or ſetting in all the places in this circle. 


; Cor. 2. And bence may be found all the places where 
= the ſun is rifing, ſetting, culminating, &c. 


For if the globe be rectified for that laſt place, 


the ſun is then in the zenith; and therefore all the 


upper hemiſphere is enlightened, and all the lower 
hemiſphere is in the dark. And the horizon is the 


boundary of light and darkneſs, and all the places 
on the weſt fide have the ſun-rifing ; and on the 
= caſt ſide ſetting. To thoſe in the parallel of 18 
= degrees below the weſtern horizon, the day is break- 


Ing, and below the eaſtern, twilight is ending. To' 

thoſe under the upper part of the meridian, it is 
12 o'clock at noon. And to thoſe under the lower 

part of the meridian, it is 12 ofelock at night. The 

twilight is in all theſe places between the Ty 
| an 
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and the parallel of 18 degrees below it. And all 
the places below that, have dark night. 


PR O B. VI. 


On a given day, to find the time of day . or 


tbe end of the evening twilight, for a Even place 


The time being given, the ſun's place i is had by 


the circles on the horizon. Then rectify the globe 
for the given place, and bring the ſun's 9 to 


the meridian; and ſet the hour index to 12 o'clock, 
Then turn the globe about towards the eaſt, till 
the ſun's place be 18 degrees below the eaſtern ho- 


rizon; or which is the ſame thing, till the point 


oppoſite to the ſun's place, be elevated 18 degrees 
a 


ove the weſtern horizon; which may be known 
by the quadrant of altitude fixt to the zenith. This 


done, the index will ſnew the hour of day break. 
And the end of evening twilight is found by 


turning the globe weſtward till the ſun's place be 
18 degrees below the weſtern horizon, or its oppo- 


ſite point ſo much above the eaſtern. Then the 


index ſhews the time when this happens. 


Cor. 1. Hence may be found the length or duration 


| of twilight. 


For if the time of ſun riſe (found by Prob. III.) 


be ſubtracted from the time of day break, what 

remains is the length of twilight. 
+ 

Cor. 2. During that part of ſummer when the ſun's 

depreſſion is not ſo much as 18 degrees ; twilight con- 

tinues all night, or there is no dark night. . 
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I i ex: Pi ROB; NIL 
The place of the ſun being given; to ſhew at once 
| the length of the day, and nights in all places on the 
bh earth. 167 N 5 1 9885 
The place of the ſun being given, his declina- 
tion is found, by the ſecond problem. Then if 
Y the globe be ſet ſo as that the north pole be ele- 
1 vated above the horizon, as much as is the decli- 
5 nation. Then the ſun will be in the zenith; and 
8. the horizon will be the circle bounding light and 
1 darkneſs. Then it will be evident to view, that 
£ all the parallels of declination are cut by the hori- 
* zon into unequal parts; whereof the part above 
1 the horizon is illuminated by the ſun; and the 
a part under it is in darkneſs. But the upper parts 
is of theſe parallels are the diurnal arches, and ſnew 
W the length of the day; and the under parts are 
me nocturnal arches, and ſhew the length of the 
de nights for that time of the year. oy | 
O- WE For as the earth turns round, a place ſituated in 
he any one of theſe parallels, will be ſo Þng in the il- 
8 luminated arch, as is the length of it; and fo long 
5 in the dark part, as the length of the dark arch; 
5 the one is day time to that place; and the other 
. is night. And all places in the weſtern part of 
; W the horizon, will have the ſun-wſing at the ſame 
5 time; and all places in the eaſtern part of the ho- 
rizon, will have him ſetting. For becauſe the ſun ; 
i; ſtands ſtill, and the earth revolves towards the eaſt, 


M. WT tbe places in the weſtern horizon are advancing. .- 1 
| W towards the ſun, and therefore it riſes. to them. | 
| But thoſe in the eaſtern part are leaving the ſun, , 
and therefore it ſets to them. ed el 
Take any particular place of the earth, bring 
i; to the weſtern horizon, and ſet the hour index 
q 1 . to 
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to 123 then turn the globe about eaſtward till the 


ſame place comes to the eaſtern horizon; and then 
the index will ſnew the length of the daxy. 
Hence it will appear that all places, ſituated in 


different parallels of latitude, have their days of 


different lengths, being longer or ſhorter in pro- 
portion to the ſegment of each parallel, that is 
above the horizon. Only at the equinox they are 


always of the ſame length. All places in the ſame 


latitude, have their days of the ſame length; but 
they begin ſooner or later, as the places lie more 


1 eaſtward or weſtward. 


Cor. 1. Hence F the pole be continually elevated t 
greater altitudes, as the ſun's declination grows great- 


| er; the gradual increaſe and decreaſe of the days will 


appear, which are made in all places of the world; 
according as greater or leſſer ſegments of ihe parallels 
of latitude ſtand above the horizon. 


Cor. 2. All places whoſe complement of latitude is 
Jeſs than the ſun's declination, have continual day; 
when the latitude and declination are both one way, 
But they have continual night, if the latitude and di- 
clination lie different ways. 


PRO B. VII. 


Any particular place being given ; to ſhew at once 
the length of the days and nights,: at all times of the 


year. 


Rectify the globe according to the latitude of 


the place given; then the parallels of declination 


between the two tropics, will be the ſeveral parallel 


circles which the ſun ſeems daily to deſcribe. Now 


it is plain, whilſt he moves ſlowly along the eclip- 
tic, which cuts all theſe parallels; he advances 
gradually from one parallel to another, till he comes 

| at 
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and nights are equal. 
other pole, which is below the horizon, the upper 
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at laſt to the utmoſt which is the tropic. The up- : 
per parts of theſe parallels, or thoſe above the ho- 
rizon, are his diurnal arches z and the parts be- 


neath are the nocturnal arches. It is evident then, 


as the ſun advances towards the elevated pole, that 
the upper parts of theſe parallels grow greater, and 
conſequently that the days grow longer, till he 
comes to the tropic, where the days are longeſt, 
Then returning back, the upper ſegments conti- 
nually decreaſe till he come to the equinoctial, 
which is biſected by the horizon, and then the days 
Proceeding towards the 


parts of the parallels grow leſs, and the under parts 
greater; and therefore the days continually ſhorten, 
and the nights grow longer, till the ſun comes at 
the other tropic, where the days are ſhorteſt, and 
the nights longeſt. And returning back again, the 
days again increaſe in the ſame manner as they de- 
creaſed. And thus the ſeveral ſeaſons of the year 
are made evident to the ſight, How the length of 
the day is to be found, when the ſun is in any of 


Y theſe parallels, has been ſhewn before at Prob. Ill. 


Cor. 1. When the place is under the equinoctial, the 
days and nights are equal all the year round. 

For all the parallels of declination are biſected 
by the horizon. 4 


Cor. 2. In any latitude, the days in ſummer are 


. equal to the nights in winter, when the ſun has the 


fame declination. And the nights in ſummer, equal 10 
the days in winter. | 


Cor. 3. If the place be under the polar circle; the 
longeſt day will be 24 hours long; and rhe longeſt night 
the ſame. OY : | 

For no part of the ſun's parallel will be then un- 
der the horizon, . 


ta: dee 
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Cor. 4. If the place be ſituated within the pale 


circle, ; a in the beight of ſummer the ſun never ſets 
far a confi derable time; nor does he riſe for the. ſame 


time, in the depth of winter. And this time is ſo 
much. longer as the place is nearer the pole. 


Cor. 5. F the place be under the pole; thert will 
be but = d and night thro' the whole year. 

For here the ee coincides with, the equinoc- 
tial; and all the parallels, on the ſame ſide of the 
equinoctial, are bore the horizon; and thoſe on 


ne other fide below. it. 


PRO B. IX. 


Given the latitude of the place, the ſun's place in 
the ecliptic, and bis altitude; to find the hour * the 
day, and bis azimuth. 


Rectify the globe to the "IE Te zenith, 


and bring the ſun's place to the meridian ; and ſet 


the hour index to 12 o'clock. Then turn about 
the globe and quadrant of altitude till the ſun's 
place in the ecliptic fall upon the given degree of 
altitude. Then the index will ſhew the hour. And 


where the quadrant of altitude cuts the nn is 


the azimuth. 


PR OB. - 
Given a latitude of the place, the hour of the day, 


and the ſun's place in the ecliptic; to Find the ſun's 


altitude and azimuth. 


Rectify the globe for the latitude, and Zenith; | 


and bring the ſun's place to the meridian, and ſet 
the hour index to 12. Then turn the globe about, 
till the index point to the given hour. There 


let the globe reſt; and turn n the quadrant of alti- 


tude 


V 
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tude about till it falls on the ſun's place, and the 


; | point where it cuts it, ſhews the altitude. And 
E where the quadrant cuts the horizon, you, have his 
; azimuth at that time, reckoned from the north. 
If the ſun is below the horizon; take the point. 
1 of the ecliptic directly oppoſite to the ſun's place ; 


and find his altitude and azimuth, as if the ſun was 
there. And that altitude will be his depreſſion be- 
low the horizon; and the azimuth the ſame fram 
the oppoſite point of the horizon. 
And if the azimuth. or. altitude be given, the: 
hour may be found by working backwards. 


PR O B. XI. 


Having given the latitude of the place, the ſun's: 
= place in the ecliptic, and his azimuth. To find. bis 
altitude, and the: hour of: the dax. 


z Rectify the globe to the 0 latirude;. and- zenith 3 
ſet and ſet the index to 12 o'clock, Then turn the 


quadrant of altitude till it cut the horizon in the 


ms point where the azimuth is. Then turn the globe 
of till the ſun's place fall upon the Quadrant then 
ind the graduated edge of the quadrant will ſhew the 


altitude, and the index will point to the hour. 
Likewiſe if the latitude, the ſun's altitude and. 
azimuth be given; his place in the ecliptic may 
be found, and the hour, by working backwards. 
To find the latitude aud longitude of à given ſtar. f 
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1 Bring the ſolſtitial colure to the meridian, and 

out, fix the quadrant of altitude over the pole of the 
here ecliptic. Then turn about the quadrant till it fall 

alti- upon the given Mr; and the arch of the quadrant 

rad comprehended 


tween the ſtar and the ecliptic, 
1 1 8. 
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is the latitude of the ſtar; and the degree cut on 


the ecliptic by the quadrant, will be the ſtar's lon- 


gitude. | 


If the latitude and longitude of a ſtar be given; 


the place of the ſtar upon the globe may be found, 


by working backwards. 5 
The diſtance of two ſtars may be found on the 

lobe, by applying the quadrant of altitude to 
3 the ſtars; and reckoning the number of de- 
grees contained between them. 


PRO B. XIII. 
To find the right aſcenſion and declination of a 


given ſtar. 


Bring the ſtar to the meridian ; and the degrees 
of the equinoctial reckoned from the firſt > a9" of 
Aries to the meridian, is the ſtar's right aſcenſion, 


And the degrees of the meridian contained be- 


tween the ſtar and the equinoctial, is its declination. 
And if the right aſcenſion and declination of a 
ſtar be given ; its place on the globe may be found, 


by working backwards. 


ag 
Having the latitude of the . and the day of 


the month; to find the time of the riſing, ſouthing, 
and ſetting of à given ſtar, and the time it is above 


tbe horizon. 


Rectify the globe for the latitude, bring the 
ſun's place for that day to the meridian; and ſet 
the index to 12 o'clock. Turn the globe round, 
till the ſtar comes to the eaſtern horizon, then the 


index will ſhew the time of riſing. Turn the globe 
till the ſtar comes to the meridian, and the index 


will 


| 
| 
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will ſnew the time of its ſouthing, or when it cul- 


comes to the weſtern horizon, and the: index will 
ſnew the time of the ſtar's ſetting. And: the diſ- 


the time of continuance above the horizon, | 


PR OB. XV. 


Heving the latitude, the Jay and hour, given; - 


find what ſtar is upon the meridian- at that time. a 
the contrary. 


place for the day, and bring it to the braſs meri- 
dian, and ſet the hour index to 12 o'clock. Then 
turn the globe about, till the index points to the 
8 given hour; and you may ſee what ſtars are in. or 
near the meridian at that time. 

And to find the day of the year, any ſtar will 
be upon the meridian, at a given hour. Bring 
die ſtar to the meridian, and ſet the index to the 
W hour; nd turn the globe till. the index points to 
W 12 at ncon; and the meridian will cut the eclipric: 
n the ſun's 5 Place, whence the day wah be found. 


PR OB. XVI. 


Hevinl the latitude of the place; to find the obbaue- 


aſcenſion and deſcenſi fon, the aſcenfional VN ani 
the amplitude of a given Aar. 


Rectify the globe to the latitude, 83 the. ſtar 
to the meridian, and fer the index to 12. O clock. 
Then turn the globe, till the ſtar comes to the: 


bal, which is upon the horizon at that time, is the. 
1 oblique aſcenſion, and the diſtance of that point of 
the equinoctial from the point of right * — 


14 


1 


minates. Turn the globe ſtill further, till the ſtar 


tance of time between the riſing and ſerting, is 


Refiify the-alobe w-rhe ie lies 


eaſtern horizon ; and the degree of the equinoc-- 


A : © FP ö 
is the aſcenfonal difference; and the ſtar being i in 
the horizon, its diſtance then from the eaſt Point, 
is the eaſtern amplitude. 

Turn the globe till the ſtar comes to er weſtern 
horizon, the diſtance. thereof from the weſt point 
is the weſtern amplitude. And the point where 
the horizon' cuts the equinodtial is the oblique de- 


P R 0 B. XVII. | 


Given the latitude ; Nr ta find the trans FOX FRO 
known ſtars will have the be Jams ee zo find 
1227 azimub. 


Recdtif⸗ the globe for the lance, bak the fun' 
place to the meridian, and: ſet the index to 12. 
Then turn the globe round with one hand, and the 
quadrant about the zenith with the other, till both 
the ſtars fall upon the edge of the quadrant; then 
the index will point to the time, and the quadrant 
will cut the horizon in the azimuth of both ſtars. 


C or. "If both ſtars zave one altitude, the time may 
be found. 

Move the globe fo, that the ſame degree of the 
quadrant will | paſs thro' both the ſtars ; then that 
degree ſhews their altitude; and the index ſhews 
the hour when that happens. 


F 


Movie the Jatitude of the place, the day of the 
month, and altitude of a known bars +: i eg the 
#zimuth and hour of the night. 


Rectify the Sobe for the Inde and zenith; 
and bring the fun's place to the meridian, and ſet 


the index to 12. Then turn the globe with one 
hand, and ths Ae of altitude with the other, 
keeping 


* * 
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keepin the ſtar to the edge of the quadrant ; 
move Jn both till the ſtar falls upon the. degree 


of altitude given. Then where the quadrant meets 
with the horizon, is the azimuth of the ſtar z and 


the index will ſhew the time of night. | 
And on the contrary, when the time Is 4, 


Z the altitude 25 be found. 


| P R 0 B. NIX. 
Kevin given the latitude of the place, the. 3 


and day, and the azimuth. f a known far to find 


its altuude, and the hour of the night. 
Having rectified the globe for che latitude: and 


zenith; bring the fun's place to the meridian, and 


ſet the index to 12 o'clock. Turn the quadrant 


of altitude round, till it cut the horizon in the 
given azimuth; keep it there, and turn the globe 


about, till the "ſtar fall upon the edge of the qua- 
drant ; then the degree of the quadrant, where the 
ſtar is, ſhews the altitude; and the index will point 
to the hour. 

And by the converſe of this problem, if the 


time be given, the azimuth may be found. 


PRO B. . 


' PIE) the latitude: and Iongitude of any 2 
to find the: time of its ng, ſoutbing and ſetting, 


We ind the place of the planet · upon the globe, by 
Prob. XII. and there make a mark, or ſtick a 
ſmall patch. Then rectify the globe, and Fog 
the ſun's place to the meridian, — ſet the index 
to 12 at noon. Then turn the globe about till 
the mark or patch falls on the eaſtern part of the 
horizon, and che index will ſhew the hour of riſ- 
ing; then turn the globe, till the mark comes 2 
e 5 
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turn the globe ſtill about, till the mark comes to 

the weſtern horizon ; and the index will ſhew the 

ſetting. 3535 9 „„ 
0 | P R O B. XXI. | 

' To find what ſtars never ſet, and what. ſtars never 

riſe, in a place whoſe latitude is given. 


; Rectify the globe to the latitude of the place. 


Which being done, turn the globe round; then 
ſuch ftars as never deſcend below the horizon, in a 
whole revolution of the globe; theſe never ſet in 


that latitude, but always remain above the horizon. 


Likewiſe theſe ſtars that never riſe above the wooden 
horizon, in an entire revolution of the globe; ne- 
ver riſe above the horizon of the place. 


Thus to us ſiving in north latitude, the ſtars 


about the north pole never ſet, and the ſtars about 


the ſouth pole never riſe; and ſo they are never 


len by . 
1 5 R O B. V 
To find the time of the coſmical riſing or ſetting of 
8 given ſtar, at a given place. VT 


| Redtify the globe for the latitude of the place, 


then turn the globe abaur, till the ſtar comes to 


the eaſtern part of the horizon, and note the de- 
gree of the ecliptic chat is then riſing in the hori- 


20n. Look for that degree on the wooden horizon, 


in the circle of ſigns, and againſt it in the circle of 
months, you'll find the day when the ſun is in that 
degree of the ecliptic ; and conſequently, the day 


when the ſtar riſes coſmically. 
If the globe be turned, till the ſtar comes to 


the weſt part of the horizon; the degree of the e- 


_ chptic which is then riſing in the eaſtern horizon is 
the ſun's place, at the time of the ſtars ſetting. 


the meridian, and the index ſhews the, ſouthing; 


t 
{ 
| 
| 
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This being found in the circle of a gives 


the time in the circle of months when this happens; > 
that 18, when the ſtar ſets e 


PR OB. XXIII. 7 


 tna given place, to find tbe time of the acronica 
| rifing. and ſetting of a given ſtar. 


Rectify the globe for the latitude of the place; 
then turn the globe about, till the ſtar comes to 
the eaſtern ſide of the horizon, then the degree of 
| the ecliptic ſetting in the weſtern horizon, being 
found in the circle of degrees on the wooden ho- 
rizon, gives the time in the circle of months, when 
the ſun-ſets, or when the ſtar riſes acronically. 
Likewiſe turning the globe about, till the ſtar 
comes to the weſtern horizon; the degree of the 
| ecliptic that ſets with the ſtar, being found in the 
circle of degrees, gives the time in the circle of 
months when the ; _— or when the ſtar ſets 


acronically. 
3 0 B. X XIV. 


In any given place, to food the time en 4 known 
ſar riſes and ſets beliacalh. 


The ſtars of ſeveral magnitades at their riſing, 
require the ſun to have different degrees of depreſ- 
ſton below the horizon, as follows. 


Magn. 1, 2, 3, 4, 3, 6| h, u, #,2,8, 5 
Depreſ. 12, 13, 14, 15, 16, 17 | 11, 10, 11, 5, 10, f. 


Rectify the globe to the latitude, and turn it 
about till the given ſtar comes to the eaſtern ſide of | 


to the horizon. And turn the quadrant of altitude to 
e- the eaſt, ſo that it may cut the ecliptic ſo many de- 
is grees below the horizon as its magnitude requires. 
g · But if the quadrant cannot reach ſo far, turn it de 
ais | e 
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N os fr 
the weſt ſide, that it may cut the . e ſo ma- 
ny degrees above the horizon; note that point of 
the ecliptic ſo cut, and take the point oppoſite to it 
in the ecliptic; find this oppoſite point in the cir- 
cle of degrees, and againſt it, in the circle of 
months, is the day when the ſun is ſo many degrees 
below the eaſtern horizon, when the ſtar riſes; 
and that is the time of the ſtar's heliacal riſing, 
Again, bring the ſtar to the weſt part of the 
horizon; and turn the quadrant to the eaſt fide, 
till it cuts the ecliptic at.a proper number of de- 
grees above the horizon; take the point oppoſite 
to this; and find it in the circle of degrees; and 
againſt it in the circle of hours, is the time when 
the ſun is in that oppoſite point, that is, when the 
ſun is ſo many degrees below the weftern horizon, 
when the ſtar is ſetting ; and then the ftar- ſets he- 
liacally. „ 08} | FB 0. 
972 cui au ROB V. 


To ſhew all the places on the earth where the 
eclipſes of Jupiters Satellites are viſible, at any given 


Se. 


Find the place on the earth where the fun is 
vertical at the time of an eclipſe, by Prob. V. bring 
that place to the zenith, and ſet the index to 12. 
Then if Jupiter riſes after the ſun, draw a line on 
the globe along the eaſtern ſide of the horizon, 
with a black lead pencil. This line paſſes over all 
places where the ſun is then ſetting. Turn the 
globe weſtwards, till it revolves thro as many de- 
grees, as is the difference of the right aſcenſions 
of the ſun and Jupiter; ſtay it there; then bring 
- Jupiter's place to the zenith, keeping the globe 

from revolving. Then draw another line upon the 
globe along the eaſtern ſide of the horizon; then 
at all the places contained in the ſpace * 


. of 


2 3 T ea wav oh a. 


of the horizon. 
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theſe two. lines, the eclipſe will be viſible; And 


that is from ſun- ſet to Jupiter's ſetting. 


If Jupiter riſes before the ſun, bring the me 


where the ſun is vertical, to the zenith. Draw a 


line on the weſt ſide of the globe, by the weſt fide 
Then let the 4 revolve eaſt- 
wards, thro' an arch equal to the difference of 
right aſcenſions z and there ſtop the revolution, and 


bring Jupiter's place to the zenith. Draw another 


line along the weſtern ſide, by the horizon. Then 


| the ſpace between theſe two lines will contain all 
the places of the earth, where the eclipſe 1 n  nnible, 


from Jupiter 8 riſing to ſun riſe. 


3 XXVI. | 
75 ford all the cuſps of the * toſs fo any 


given Place and time. 


Rectify the globe 0 to the latitude, bring 


the ſun's place to the meridlan, and ſet the index 


to 12 o'clock. Then turn the globe about, till the 
index point to the time given. Then fix the ſemi- 


Circle of poſition to the meridian, at the north and 


ſouth points of the horizon. Then from the ſouth 


or culminating point of the equator count 30 and 


bo degrees eaſtward ; bring the ſemicircle to theſe. 
diviſions, and where it cuts the ecliptic, will be 
the cuſps of the 11th and 12th houſes; bring 
the ſemicircle -to the weſtern fide, and reckon. 
30 and 60 degrees from the culminating point, on 
the equinoctial; and making the ſemicircle.,to paſs 
thro* theſe points; where it "interſects the ecliptic, 
will be the cuſps of the gth and 8th houſes. And the 
meridian cuts the ecliptic above in the cuſp of the 
10th houſe, and below in the cuſp of the 4th houſe, 
And the horizon cuts the ecliptic, on the eaſt, in 
the * of the iſt houſe; and on the weſt, on 

the 
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1 Us K o F . 
the cuſp of the 7th houſe. Laſtly, the 2d and 34 


dian, and ſet the hour index to 12 o'clock ; like. 
| wiſe place the globe by the compaſs, that the me- 
ridian may point north and ſouth. Then turn the 
globe about, till the hour index point to the given 
time; then the globe is in the ſame ſituation asthe 


| thus, 


_ culminating, and juft ſo they are in the heavens, 


globe, are eaſtward in the heavens; and all on the 
welt ſide, are weſtward in the heavens. The quadrant 


nate it juſt as the earth is illuminated. And right 


are oppoſite to the 8th and gth, and the 5th and 
6th oppoſite to the 11th and 12th. And ſo the 
cuſps of all the houſes are found, which muſt be 
ſet down on paper. AE 


PRO B. XXVII. 
To repreſent the face of the beavens, or to ſew 


the ftuation of all the celeſtial bodies for any tine 
and place given. "Oo t 


5 8 Rectify the globe for the 1 latitude, find the 


ſun's place for that day, and bring it to the meri- 


earth and heavens. Therefore the globe reſting 


All ſtars in the eaſtern part of the horizon are 
riſing, and thoſe in the weſtern fide are ſetting, 
All ſtars under the braſs meridian are ſouth or 


All ſtars on the eaſt of the braſs meridian on the 


of altitude laid over any ſtar, ſhews its altitude and 
azimuth, juſt as it is in the heavens. 5 
If the ſun ſhines upon the globe, it will illumi- 


lines drawn from the center of the globe thro' each 


ſtar, will r paſs thro? the real ſtars which 
they repre 


So that the globe in this poſition is a true _ 
. - i — 0 


ent. And if the quadrant of altitude 
be laid over any ſtars on the globe, its plane pro- 
duced will paſs thro' the ſame ſtars in the heavens. 


cet. III. THE GLOBES. 127 
of the heavens. Thus you may obſerve the north 
| ſtar and great bear have like ſituations. That the 
ſeven ſtars on — gy and in the heavens, are alike 
| Gtuated. The like for Orion's Girdle, Caſſiopeia, 
Syrius, Lyra, &c. or any you have a mind to ob- 
ſerve. EE 5 I 5 
This problem is very uſeful for finding out the | 
conſtellations, and the ſeveral ſtars contained in | 
them; by obſerving how they lie in triangles, | 
| ſquares, or right lines, in reſpe& of one another. | 
By this means one may ſoon come to be acquainted [ 
with all the ſtars in heaven. ADE 


SECT. | 


2 —ͤ „ 
a_— 


a ern ö — 
* — 


—.— — — wy — 2 
Q 7 5 2 * . 3 >. 
a — 2 ———— — — A 525M» Q — Son — — * 
. . — — — * oe: ww. 
— a. 


—— 
— 


— 
3 


SPE 


= — Og ey OS 3 
— See > — Te 


OR ——— : — — : 
— = * — wu wee + ek Pa 8 
r — — = —— — 2 ———— (—[— > 
Acc 1 it Beer tes ore ren re ce — ELLA rus Sect. 
1 SD 2222 0 
— 
wy 


———U— 4 


"93x" 43 — 
2 5 SE * — PE, 4 Mg or SOOT PUTT 05: — 


Fig. 


29. 


1 48 „ 
* E LOT 1. 2 


The Determination of the 2 agni 5 
and Situation of the Orbits of the 
Earth and Planets, their periodical 
Times ; the Places of the. Stars ; and 

all fuch Aftronomical Matters as de- 

| fend upon Osſervationt. Dis con- 
tains the Elements of Ahronomy. 


DEFINITIONS, 


DEF. 4 
HE Orbit of a planet N, is the curve line or 


tract it deſcribes about the ſun, in the cen- 
ter of force, or ABPDA. This tract or path of 


a planet, in the earth and all the planets, is an el - 


 lipfis; where the ſun at S is placed in one of the 


foci. | 
DEF. II. 
The Apſides are the two points of the orbit A 90 


P, which are placed at the ends of the tranſverſe 


axis AP, which is called the ine of the ap/ides. 
The point A which is furtheſt off the ſun is called 
the aphelion or the higher apſis. The point P which 
is neareſt the ſun, is called the * or lower 


_ apfis. 


DEF. . 
The Excentricity, is the diſtance of the focus 


from the center, SC. Thus 1 is very little in all the 
Planets, 


DEF. 
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DEF. IV. „ 
The mean diſtance of a planet, is the line 88, 

de drawn from the focus S, to the end B or D of the 

ho. conjugate axis BD. This line SB is equal to half 

wy le tranſverſe axis AC or CP. 

14 D E F. v. 

Je- The periodical time, is the time of a planet's deſ- 
5 cribing its orbit; till it return to the ſame point 


2 again, where it begun. 
"DEF. Th | 
_ The nodes of any orbit, are the points where its 30. 
plane cuts the plane of the earth's orbit ; ſuppoſing 31. 
them both produced to the fixt ſtars. | 
For aſtronomers ſuppoſe the orbit of the earth, 
or the plane of the ecliptic, to be a fixt plane, 
> of to which the planes of all other orbits are to be re- 
en- ferred, as to a common ſtandard. For the planets 
of move in orbits, whole planes are all different from 
el- WE that of the earth, and from one another. And 
the the ſun being in all theſe planes, they muſt cut 


one another in lines paſſing thro? the ſun. Thus if 
Az be the earth's orbit, HFI the orbit of a pla- 
net cutting the earth's orbit in the line FG. Then 
F and G are the Nodes; and FG tbe line of the 
Nodes. 5 | | | 1 
It is evident the orbits of the planets will cut | 
the earth's orbit in different lines, as they are all | 
in different planes. Therefore each planet will ö 
have its own nodes, and line of the nodes. That 
node thro' which the planet paſſes towards the 
north pole, is the Aſcending Node; and that thro' 
| which it moves towards the ſouth pole, is called 
its Deſcending Node. 
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ELEMENT ART 


DE F. VII. 


The inclination of a planet's orbit, is the angle 
which the plane of it makes with the ecliptic, as 
LGti. This is meaſured by the arch of a circle 


LH, at a quadrant's diſtance from the nodes. 


DE F. VIII. 
Elongation of a planet, is the angle between the 


ſun and the planet, taken at the earth. Or the 
angle between the ſun and place of the planet, re- 
duced to the ecliptic. 


DI, MM 
Parallax, is the difference between the real and 
apparent place of a planet; or when it is ſeen 


from the center of the earth, and from ſome given 


point in its ſurface. And the annual parallax, or 
arallax of the earth's orbit, is the difference of 
the places of a ſtar, ſeen from oppoſite points of 
the earth's orbit, io 
DER © 
The moon's apogee and perigee, are the points 
where the moon in its orbit, is furtheſt from, and 


neareſt to the earth. Theſe anſwer to the aphelion 
and perihelion of a planet. 1 

D E F. XI. 
The moon's Hnodic revolution, is the time of its 
revolution, from conjunction to conjunction with 


the ſun. | 
DE © MM. 


The fziges of the moon's orbit, is the points 


where a line, drawn tliro' the earth and ſun, cuts 
it. Theſe are the points of conjunction and oppo- 


lition. 


DEF. 
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D E F. XIII. 


The quadratures, are the points of the moon's 
orbit, which are at a quadrant's diſtance from the 
ſyziges, or from the conjunction and oppoſition. 


And the oants are in the middle between the ſy- 


ziges and quadratures. | 
The matters treated of in this ſection, are ſuch 
as depend merely upon obſervation, or of that 
and a little geometrical reaſoning. Which things 
being ſettled, are a foundation for all calculations 
in Aſtronomy. And as nothing is to be done 
without knowing the latitude of a place, and hav- 


ing a meridian line; I ſhall begin with finding 
| theſe, ; | = : 


ro 
To find the latitude of a place. 


1 Way. 


Take a quadrant, the larger the better; then di- 32. 
rect it to the pole ſtar, and take its altitude when 


it is at the higheſt, which is known by continuing 


your obſervations, till it begin to deſcend. And 
about. 12 hours after, take the altitude of it when 
it is at the loweſt, as before for the higheſt. Then 


half of the ſum of theſe two altitudes, is the 


height of the pole, OP, above the horizon HO. 
And that is the latitude. > ps 


ö 


For if EC be the equinoctial, HO the horizon, 
Z the zenith; then the arch EP is go degrees, and 
the arch ZO is go degrees alſo; therefore taking 
away ZP, the arch EZ, or the latitude, is equal 
to the arch PO, or the height of the pole. 
| Inſtead of the pole ſtar, any other will do, that 
is out of the power of refraction, 


Ka 2 May. 
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Fig. 


3 i Near the top of a wall or of a poſt, put in a pin 
B; and another in a block at A, near the earth, 


the firſt mark to A, and apply the rule to the line 
BD, at C its neareſt diſtance, and there put in a 


Vork be. | 


ELEMENTARY 
” Way. 


to be moved back and forward at pleaſure. Then 
by the right aſcenſion of the ſtars, find by a table 
when the pole ſtar is at its higheſt. When that 
happens, place the block ſo that the pins A and 
B may be in a direct line with the pole ſtar. If it 
be dark, caſt a light upon A and B with a candle, 
Let it reſt till day light. Then hang a line and 
plummet BD, from B, in a veſſel of water D, to 
make it reſt ſteady. Then take a long rule, and 


apply one end to A, where make a mark; and at 


the ſame time apply the other end to the point B, 
which point mark alſo on the ruler. Again apply 


pin. So you have the hypothenuſe AB, and the 


baſe AC, ſet out on your rule. Then to meaſure. 


them, extend a thread between the marks on the 
rule, that you may meaſure ſtreight, by the thread. 
Then open the compaſſes to 6, or any number ot 
inches exact ; and' meaſure the number of ſpaces 
(or lengths of 6 inches) from A to B, and A to C 
on the rule, keeping cloſe by the thread ; and 
what remains, take off with another pair of com- 
paſſes, and apply to Is ſo you have the 
meaſures of the hypothenuſe and baſe in inches. 


At 12 hours diſtance; you muſt repeat the ſame 


operation quite thro'. Then you will have ano- 
ther hypothenuſe and baſe. Then in theſe two tri- 
angles, find the angle A at the baſe of each. And 


— 


half the ſum of the angles is the latitude. 


Note, this muſt be done in a calm place, where 
there is nothing to diſturb the experiment. And 
the longer the diſtance AB is, the exacter will the 
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Alſo if you know the. declination of the pole Fig. 

| ſtar at that time, you need but find one triangle 33. 
| ABC. For if the ſtar was at the higheſt, you have 
nothing to do but ſubtract the complement of its 
| declination from the angle at A, for the latitude ; 
or add it, if the ſtar was at its loweſt, | 


| | 3 Way. 1 
If the ſun's declination be known at that time; 32. 


| take his meridian altitude, which you may know, by 
continuing the obſervation till he begins to deſcend. 
Then if the declination be towards the elevated 


pole, add it to the complement of the altitude, 
for the latitude of the place. But if the declina- 


tion be contrary, take the difference between the 


declination and the complement of the altitude, for 


the latitude. 


Cor. 1. The height of the pole is equal to the lati- 


tude of the place; or PO = EZ, 


Cor. 2. The. height of the equinoBial EH is equal” 
to the complement of the poles elevation PO. 
For EH 1s the complement of EZ, or its equal 


P R O B. II. 
To draw a meridian line in any Place. 34. 


5 1 Way. 1 
Upon a plain board, ſet parallel to the horizon, 
deſcribe a circle ABF. And upon the center C 


erect a ſtile or gnomon, exactly perpendicular to 


it, and fo high, that the top of the ſhadow there- 
| of may fall upon the circumference of the circle 


about the middle of the forenoon. Mark the point 


exactly where the top of the ſhadow falls in the 


forenoon. Likewiſe mark the point F. where the 


op of the ſhadow falls again on the circumference, 


K 3 in. 


35 


36. | 
other place, let the threads and plummets AB, 


ELEMENTARY 


Fig. in the middle of the afternoon. Then thro? the 
34. center C, draw the line ACD biſecting the arch | 
BF. Then AD is the meridian required, 


\ 


It will be "_ to draw ſeveral concentric cir. 


cles, and to make obſervation with them all, that 
they, may confirm one another. And if the ſun 7 
happens to be clouded in one, it may anſwer in | 
another. And will be beſt to make the obſerva. - 
tion about the ſolſtices, when the ſun does not al- 


ter his declination ſenſibly. And the ſummer fol- 
ſtice is to be preferred. 

It is evident the ſun is higheſt when in the me- 
ridian; and at equal diſtances therefrom, has equal 
altitudes. Therefore when the diſtances DB, DF 
are equal, the ſnadows CB, CF will be equal, and 
therefore the altitudes equal. And the contrary, | 


2 Way. 


Wi up two threads and plummets AB, CD, 
at a good diſtance, in veſſels of water, to keep 
them ſteady ; of which CD is moveable towards the 
Jeft and right, upon a pin C. Wait till the pole | 
ſtar E, and the ſtar Alliot E (in the great bears 
rump); come into the ſame plumb line AB, to an 
eye placed at I. At that inſtant (or rather before) 
move the thread CD alſo into the ſame line; ſo that 
the thread CD may hide the thread AB, and the 
pole ſtar E from the eye at I. Then the plane 

ABCD is the plane of the meridian ; and where it 
interſects the horizontal plane, is the meridian line. 
And the ſame may be done with the ſtar called 
Caſſiopeia's hip. 

Note, to take away the ſtars rays, look thro 2 | 
ſmall hole in a thin plate. And this muſt be per- 
formed in a calm place. 
If you would have a meridian drawn in ſome 


CD, remain; and hang 50 two others ab, ca, * 
| . _ tng1 
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the place propoſed, letting ab, be moveable upon Fig. 

a pin at 2. Then wait till any ſtar as G comes in- 36. 

to the plane ABCD, to the eye at H; and at that 

inſtant, move the thread ab, till the ſame ſtar G. 

fall in the plane abcd, to the eye at h; then abcd. 

is the plane of the meridian. This is beſt done by 

help of an aſſiſtant. | _— 
This method will in time deviate a little from the 

truth, occaſioned by the ſtars changing their places; 

but that change is very inconſiderable in a few years. 


3 a 

If you have a clock with minutes and ſeconds. 
Find the northing of the - ſtar Allioth F, by the 
aſtronomical tables; and wait till you find the pole 
ſtar E and F, in a plumb line. At that inſtant, 
ſet your clock to the ſaid time of northing. And 
next day at 12 o'clock, you may draw a meridian 
line, by the ſhadow of a plumb line hung in the fun. 
Or you may find the time of ſouthing of any other 
ſtar G, and the clock remaining as before, when, 
= ſhe ſhews the time of ſouthing, place the threads 
= 2s, cd, ſo that the line G may paſs thro* them: 
both. Then ad will be in the plane of the me- 
ridian. 1 
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SCHOLIUM. 


If any one is deſirous to know how much the 37. 
azimuth of theſe ſtars differs from the north, when 
in a perpendicular line; he may find it thus by 
ſpherical trigonometry. Let Z be the zenith, P the 
pole, * the north ſtar, and S any other known ſtar. 

Then in the triangle SP &, there are given two. 
ſides SP, P #, and the included angle at P, to 
find the angle at *. 

Again, in the triangle ZP &, there will be given. 
two ſides ZP, P, and an oppoſite angle at &; 
to find the other oppoſite angle PZ &, the azimuth; 
from the north, as required, OY 
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ELEMENTARY 
And likewiſe the time or the angle ZP & or 


ZPS, may be found. And thus the meridian Une 
may be corrected at pleaſure. 


P R O B. III. 


7 0 fud the obliquity of the ecliptic. 
"2 Way. 


Take the ſun's meridian altitude at t both the fol. 


ſtices. Subtract the leſſer from the greater, and 


take half the difference, and this is the obliquity of 


the ecliptic. This is ſuppoſing the ſun is on the 


ſame ſide of the zenith, at both obſervations ; but 
if it lie different ways, add the complements of 
the two latitudes together, and take half the ſum 
for the obliquity of the ecliptic, or the angle it 


makes with the equinoctial. For this half diffe- 


rence or half ſum is the meaſure of that angle. If 
one of the obſervations be made when the ſun is 


low, regard muſt be had to the refraction, and that 
altitude muſt be diminiſhed as much as the refrac- 


tion comes to. 
2 Way. 


If you have the latitude of the place, wi the 
meridian height of the ſun at the ſummer ſolſtice, 


ſubtract the complement of this from the latitude 


of the place; or which is the ſame thing, ſubtract 


the height of the equinoctial from this meridian al- 


titude; what remains is the ſun's greateſt declina- 
tion, or the obliquity of the ecliptic. 
If the obſervation happens not to be made pre- 


ciſely when the ſun is in the ſolſtice; yet that makes 


no ſenſible difference; for if the moment of the ſol- 
ſtice happens to be at midnight, which is 12 hours 
diſtance, yet the error will be only 4 ſeconds. 

To get the obliquity of the ecliptic with ſufficient - 


| 2 e ſhould be made with great 


Care 


Sect. L. PR O B L E M S. 


care every year, for a long time, and with large Fig. 
and accurate inſtruments. By comparing the ob- 
ſervations of the ancients with the modern ones, it 
appears that the obliquity has been continually de- 

creaſing; and it is found now to be ſcarce 23 de- 
grees 29 minutes. 


P RO B. IV. 
To find the time of the ſun's being in the equator. 


' Having the latitude of the place, and conſe- 
quently the height of the equator ; watch carefully, 
and make obſervation of the ſun's meridian altitude, 
on theſe days when it is equal to the height of the 
equator, or nearly ſo. Then if it happen that on 
any day at noon, the obſerved meridian altitude is 
Juſt equal to the height of the equator, or the com- 
plement of the latitude ; then the ſun is in the e- 
quator that day at noon. But if it is greater or 
leſſer, you muſt obſerve another day either before | 
or after; ſo that on one day the meridian altitude 
may be leſs, and the day after, greater, than the 
height of the equinoctial; or alſo that on the firſt | 
day it may be greater, and, on the next day leſs. 
Then you am no more to do, but to divide the 
time between them (which is 24 hours) in propor- 
tion to that exceſs and defect; and taking the time 
required, nearer to the time, where there was the 
leaſt difference. of declination. For the time re- 
| quired is evidently between the lines of the two 
ober 8 Fog 1 ; 
By alike method, the time may be found, when 
both the altirudes are leſs, or both greater than 
the height of the equinoctial. And then the time 
of the equinox will be after or before both the ob- 
ſervation. - - £4) e Po 
Care muſt be taken that the refraction be _ 
| p 


wy 
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ELEMENTARY I; 
ed both in the meridian altitudes, and in the height 
of the equinoctial; or elſe in neither of them. 


To find {be length of the year. 


Find the time of the ſun's entering into the e- 
quator by the laſt Prob. either at the vernal or au- 
tumnal equinox. Again, the next year, find in 
like manner the time of his entering the ſame equi- 
nox. Then the diſtance of time between them is 


the length of the year. This is called the tropical 


year, becauſe in that time all the ſeaſons return a- 
ain in the ſame order for ever. This is ſomething 
eſs than the ſydereal year; or the earth's periodic 

time, occaſioned by the preceſſion of the equinoxes. 

But ſince the akin two years which ſucceed one 


another, may be liable to ſome error, and there- 


fore not exact enough; it will be better to take 


two ſuch equinoxes as are at the greateſt diſtance 
of time from one another; ſo that the error, di- 
vided into ſo many parts may become inſenſible. 


Then this time divided by the number of years or 
revolutions, will give the time of one. By this 


means the length of the tropical year is found to 


be 365 days, 5 hours, 48 minutes, 57 ſeconds. 


A Cor. 1. Hence the time of a dereal year, or the 
earth's periodic time may be found. | 


For this is the time of (the earth or) the ſun's de- 


parting from any ſtar, and returning to the ſame 
again. And is found like the former, by taking 
the time between leaving any ſtar and returning to 
it again, for a great many years; and dividing it by 


the number of years, gives the length of one year. 


Or it may be found by comparing the place of 


a fixed ſtar, where it was many years ſince, with 
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its preſent place; and from thence finding the an- Fig | 
nual preceſſion of the equinoxes. This arch re- | 
duced to time, and added to the tropical year, 
gives the ſydereal year. This preceſſion of the equi- 
noxes is found to be 30 ſeconds yearly. And from 
thence the ſydereal year is 365 days, 6 hours, 9 


minutes, and 14 ſeconds, 


Cor. 2. By the ſame rule, may the time between 
the vernal and autumnal equinox be found ; and like- 
wiſe between the autumnal and the vernal equinox. . 
For by taking the times between two ſucceeding. 
ſolſtices, as directed above, it appears by many 
obſervations, that the time from the vernal to the 
autumnal equinox, is 186 days, 12 hours, 29 mi- 
nutes, 30 ſeconds. And from the autumnal to the 
vernal equinox only 178 days, 17 hours, 19 mi- 
nutes, 30 ſeconds. So that the ſummer half year, 
exceeds the winter by 7 days, 19 hours, and 10 
minutes. CF | 


PROD Vs | | 
To determine the time of either ſolſtice. 3 g. 
Let AD repreſent a very ſmall part of the tro- 
pic, and AL a like part of the ecliptic ; draw AH 
perpendicular to AD. Let the ſhade of the top 
of. a tower or a high wall, fall upon the line AH 
placed north and ſouth ; and let the extreme points 
of the ſhadow be obſerved three times about the 
ſolſtice, or within 5 or 6 days thereof, and let theſe 
points be accurately marked, in the line AH. Sup- 
poſe theſe points of the ſhadow to be at P, G, H. 
Draw FI, GK, HL, parallel to AD, to cut the 
ecliptic in I, K, L; and draw IB, KC, LD per- 
pendicular to AD. 55 a 1 
| Now the motion of the ſun in the ecliptic, about 
the time of the tropics, is very near equable —_ 
N Ef ew 
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few days. And ſince the part of the curve AL i 
very ſmall, and very nearly coincides with a circle 


or parabola; therefore the ſubtenſes BI, CK, DL, 


of the angle of contact DAL, are as the ſquares of 


the lines AB, AC, AD. For this is the property 


of the parabola. 


Therefore ſuppoſe A to be the point of the tro- 


pic; then BA will repreſent the time of moving 


thro' TA, CA the time in KA, and DA the time 


in LA. And there are given the differences of 
the times when the obſervations were made; that 


is, there is given DC, and CB and DB; and alfa 


FG and FH. Then put AB = x, AF or BI , 


DB = a, CB =b, FH = c, EG = 4; then wilt 
AH or DL = «6 +3, AG or CK = d +3, AC 


b +x, AD 4 + x. Then we ſhall have BE (9): 


CK (d + ):: AB* (xx): AC* (b + x.) Whence 


dxx + y = bby + * xxy, and dxx = bby 
| „ 1 5 


eren 


+ 2bxy, whence y = 77 D 


Again, BI O): DL (c +) : : AB* (xx): Ab- 
(a+ x); therefore cxx + yx = gay + 2axy + 


CXX 


xxy, and cxx = aay + 2axy, whence y = 
dxx 


5 8 


multiplying, bc ＋ 2bcx = aad + aadx, reduced 


& — 


aad — bbc 


29 —7a2 Which is the time between the 


laſt obſervation at F and the tropic, which here is 


. ſuppoſed to be after that obſervation; but if x 


come out negative, then the tropic will happen 


before the obſervation at F. And if G or H le 


upward from F, d or c will be negative. 
To make theſe obſervations to the beſt advan- 


tage, the top of the building that caſts the ſhade, 


ſhould | 


t 
61 
} 


Ro cr we aa a & NA 


aa + 2ax 


or = 8&5 
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ſhould be very ſtreight and even, ſo as to caſt a Fig. 
true ſhade. If it is not, ſomething may be placed 38. 
upon it that will do it. And the plane ALH on 
which the ſhadow falls, ſhould not be too oblique 

to the ſun's rays. And becauſe the penumbra is 
apt to confuſe the ſhadow, ſo that its termination 
cannot be diſtinctly made; therefore it will be pro- 
per to tranſmit the ſun's light thro? a ſolar teleſcope 
and then the limit of the ſhadow will be exactly had. 


; Cor. If the obſervations are made at times equidiſ- 
tant ; then x = Ing b. „ | 

For then BC = CD, or 5 2 3, and a = 
S ae = e 


20; therefore expunging a, * 
— 22 
2c — 44 


P R O B. VII. 


To find the excentricity of the earth's orbit, and its 
form. 1 | 
„ 1 Way. 

If the motion of the ſun be obſerved in the e- 
cliptic, it will be found ſometimes to move ſlower 
and ſometimes faſter ; and ſometimes to appear 

bigger and ſometimes leſs. Therefore make ſeve- 
ral obſervations, when he is about the aphelion, 
and take his apparent diameter, ſo often, till you 
find it the leaſt poſſible. At half a year's diſtance, 
when he is about the perihelion, obſerve his appa- 
rent diameter again ſeveral times, till you find it at 
its greateſt ; theſe diameters muſt be taken very 
( | - 

Then thro' any. point S, which ſuppoſe the fo- 39- 
cus of the orbit, or the place of the fun, draw a 
| line PSA, and from S, take SP to SA, as the leaſt 

| FTT. 
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apparent diameter of the ſun, to its greateſt; and 
A and P will be aphelion and perihelion of its or- 
bit. Then make SC and CF equal to half the dif. 


| ference of SA and SP; and F will be the other 


40. 


focus, and C the center. And the * ABPD 
deſcribed to the foci 8, F, will be the form of the 
orbit. For the diſtance is reciprocally as the appa- 


rent diameter. | 
2 Way. 

Obſerve with a teleſcope and micrometer what 
the apparent motion of the fun is when ſloweſt, and 
(half a year after) how much the apparent mo- 
tion is when ſwifteſt. Take SA to SP, as the 
ſquare root of the ſwifteſt motion, to the ſquare 


root of the ſloweſt. And A and P will be the a- 


phelion and perihelion, And the reſt will be found 
as before. | | X 
OY - 

Suppoſe AD PB the earth's orbit, S the ſun in 


the focus, F the other focus, AP the line of the 
apſides. Let B, C, D be three places of the earth 
obſerved in the ecliptic; found by obſerving 3 
places of the ſun which are oppoſite to them. With 


the radius FM equal to AP, and center F, deſcribe 
the circle MRGY. Draw FBR, FCZ, FDV; and 
SB, SC, SD, and alſo SR, SZ, SY. Then the 


angles BSC and CSD are known, being meaſured 
by the arches of the ecliptic. But the angles de- 


ſcribed about the focus F are nearly proportional 


to the times, and the periodic time of the earth be- 
ing known, by Prob. V. the angles BFC, CFD 


will be known. Now ſince FB + BR or FR = 


AP = FB + SB, therefore BR — SB, and the 


angle BRS = angle BSR, and FBS = 2BSR. 


Bur AFB = ASB + FBS = ASB —+ 2BSR, 
whence 2BSR or 2FRS = AFB — ASB. And 


by the ſame reaſoning 2FZS = AFC — ASC. And 


by 


Set. IV. PROBLEMS + am 
by adding, 2FRS + 2FZS = BFC — BSC. Fig. 
Therefore the ſum FRS + FZS is known, ſince 40. 
BFC and BSC are known. But FRS = RFA — 
RSA, and FZS = ZFA — 28A; then by addi- 
tion FRS + FZS = RFZ — RSZ = a known 
angle; and fince RFZ or BFC is known, RSZ 
will be known. And by the ſame reaſoning RSY 
will be known, and conſequently ZSY. 
Draw the lines YSG, GR, and RZ and ZG. 
Then aſſuming ZS any number as 1000; in the 
triangle ZSG, there are given the angles ZSG, 
ZGS, and ſide 28, to find SG. For ZSG = ſup- 
plement of ZSY, and ZGS = + ZFY. Alſo in 
the triangle SGR, are given the angle RSG (ſuppl. 
RSY), and SGR (zT FER), and fide SG, to find 
SR. Again in the triangle SZR, there are given 
SZ and SR and angle ZSR, to find the ſide ZR, 
and angle SZR. Allo in the triangle Z FR, there is 
given, angle Z FR, and ſide ZR; to find ZF, which 
is equal to AB, the greater axis of the orbit, and 
angle RZ F. This ſubtracted from RZS leaves 
Ps known. Laſtly, in the triangle FZS, we have 
FZ, ZS and angle FZS, to find the angle ZSF 
which ſhews the poſition of the apſides; and ſide 
SF, which is double the excentricnty ; whence the 
orbit is eaſily deſcribed. And in the ſame triangle. 
is found the angle ZFS, and CFA, and therefore 
AFB. Whence if the time between the obſerva- 
tions at B and C, be divided in proportion to the 
angles BFA and AFC, the time will be known 
when the earth is in its aphelion at A. | 


W 


So HOL TUM. ; 


_ Becauſe the angles AFC, AFB, &c. are not ac- 

curately as the times. The place of the earth C 

at any time, may be corrected thus, make as the 

leſſer axis of the orbit is to the greater; ſo is the 

tangent of the angle AFC, to the tangent of an 
Ro | angle, 


\ 
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in the line BM. And at that time obſerving the 


ELEMENTARY . 


angle, which is more correct for the place of C; 
and the like for B. But in the 2d and 3d qua- 
_ drants, or in the arch DPO, the angle muſt be di- 


| The periodic time of the earth and of Mars be- 
ing known. Let ABDE be' the earth's orbit, M 


the planet Mars. Obſerve. the exact time when 
Mars is in oppoſition to the ſun, the earth being at 
A; then the place of Mars. muſt be obſerved, 
After Mars has performed his period (of 687 days), 
he will come again to the ſame place at M. But 


the earth will only be at B in its orbit, from whence, 


the ſun will be obſerved in the line BS, and Mars 


places of - the ſun and Mars, all the angles of -the 
triangle MBS will be had; and ſuppoſing MS any 
number as 1000, the ſide SB may be found, as 
alſo the angle BSM. Again, when Mars has finiſh- 
ed another revolution, and the earth is at C; the 
line SC may be found the ſame way, as alſo the 
angle CSM. By the ſame method when Mars 


has finiſhed a third revolution, and the earth 


come to D, the line SD, and angle DSM will be 
found the ſame way. Then having the three points 
B, C, D; the ellipſis may be deſcribed by Prop. 


LXXXV. B. I. Conic Sections. W hence the rranſ- _ 


verſe axis and excentricity will be had, and alſo the 
place of the aphelion A, and perihelion P. 


By theſe methods, the earth's excentricity is found | 
to be 166; ſuppoſing the mean diſtance, or half 


the tranſverſe axis to be 10000. 


PROB. 


0 
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Joo find the place of the earth's aphelion, or the po- 
ſition of the agſides; and the time when it is in the 
apbelion. . e e poo 
Obſerve two places of the ſun at a good diſtance | 

from one another; where the apparent motion is 

the ſame, or where the apparent magnitude is the 

fame. . Let theſe places be C and B. Biſect the 

arch BC, by the line AF. Then A is the aphelion, 

if the magnitude or motion was decreaſing to- 

wards A; otherwiſe it is the perihelion. Whence 

the place of the aphelion is had; and the poſition 

ol the apſides AP. And if the times be noted 

when the earth was in C and B; the time in the 

middle between them, is the time when the earth 
u .. 75 


ES 1 2 Way. . . 
The poſition of the apſides AP, may be had by 
either the 3d or 4th method of the laſt Prop. and 
likewiſe the time when the earth is in the aphelion. 
Buy theſe methods the earth's aphelion is now 
found to be when the ſun is in 2 8 deg. 52 + min. 
Denn 7 
Hence by comparing the place of the aphelion 

at preſent with its place ſeveral years ſince, its mo- 
tion will be known for that time. Therefore di- 
viding the angle. of motion, it has deſcribed in 
that time, by the number of years, the quotient 
will ſhew the annual motion of the aphelion; which 

is little more than a minute of a degree in a year. 
Note, the time of the earth's moving or revolv- 
ing from aphelion to aphelion, is called the anoma- 
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To ao this rightly, the obſerver ought to ka 
425 large quadrant fixed in the plane of the mei- 
i. an index moving round its center, fur- 
a with teleſes 6pic flights. „Then when the Re 
| __ ebtfle into the Plane of the me; F take its me 5 
© ffi alti ide, ; e! E ke tar 1 re tle 1 0 
no, F offt Horth fide” of e 
keſhe of the equloetal, and that # le fear fn 
one: Hdther,” and the remainder, 18 LA Toh | 
niitioh; But if the, ſtar is on the fouth fide o ge 
ulkoctial ; then the remainder f 18 its declinat bt 
5 Sith. 
galt, ir che As be to ard hee Pele, ae le 
difference between its height, and the Ker of the 
pole, and that is the complement of the ſtar's de- 
knnen "north; if it is the north pole; and ſuch 
; ao it er worn pole 


A K O B. _ 
E * the right aſcenſion of a ar. 
1 Way. . 02 we] ; 1”, 
"Haring: - ("1 ende, dock Vith mmutes | 
aid 10. et the clock Be. ſo adjuſted," that © 

1 8 may g S iht; the 24 Hours i £ \ fydeteal 
— or in the tithe that a ſtar Raves Fo meridian” | 
ad comes to it again; Wicht is ſoriething leſs than 138 
a natural day; anch is 23 Hottrs, 56 minutes,” A ſe⸗ tt 
conds. Then obſerve when the fur is in the meli · * 

dian, and ſet tie clock, at that inſtant, rs the time 
of the ſun's right aſcenſion, computed by Prob. I. d 
Sect. II. NG obſerve whe the ſtar comes to the 0 
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| meridian; and at that inſtant mark the time ſhewn F 
by the Hee and that "il be the flar's right al. 
een in tim 


ſtar comes, to phe meriion and Ad this time to 
the fun! 's oh ht Sera ſion in time; and you have the 


ſtar's rig ht aſcen on in time, ovifay. F\ 24 $4 xo 


'E his the right aſcenſion in degrees may be 


found, by allowing 15 1 1255 for an hours and 1 


degree for 4 minutes. 


„„ "Opt 2a. r N 
ip having tie right aſcenſion of any tar; ohferve 


when that ſtar comes-to the meridian, and then ſet 


the clock to its right aſcenſion. Again, obſerve 
when the ſtar required comes to the meridian, and 
note the time, and that will be the ſtar's right aſ- | 
cenſion in time. | 

Or you may ſet the clock to 12, Wen che 
known ſtar comes to the meridian, and mark the 
time when the unknown ſtar comes to the meridi- 
an; and that time, added t to the Tight, aſcenſion of- 


the known ſtar,” gives the right aſcenſion of the 
unknown one. | 


. Com. J. Hence. by Au the right aftenſi on of one 
far, the 2” eſcapes of the reft widy be found. 

; Cor. 2., Having the, right aſcenſion; and declination 

any Aar; its langitude and latituds will be known. 

This is calculated by ae XXII. Sect. II. 


Cor 7. 3. Ffm th the Habit of the ſame 2.45 at dif- 
| ferent times, the apparent 4 of the 4 ftars 
nah be found ; or the preceſhon of the eguinores. 
Thus comparing t the places of the fixt ats, as 
deſcribed by the ancients,” with their places at pre- 
ſent, the progreſſive motion will be known, which 
L 2 divided 


texts 
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Fig. divided by the number of years, will give the mos 
tion for one year, which is 30 ſeconds of a degree: 


Cor. 4. From hence the longitude of any ſtar being 
known at any one time, its longitude may be found at 
any other time. £5 | 

For it is only adding ſo many times 50 as is the 


number of years after; or ſubtracting them for 


preceding years. | 
88 ScnuoOLIUM. 


By this method the longitudes and latitudes of 


all the fixt ſtars are found, and made into a ca- 


talogue; which being once eſtabliſhed, and ſet in 


their proper places, ſerve for ſo many land. marks for 


eſtimating the places and diſtances of all other ce- 
leſtial bodies. If there were no ſtars to reckon 
the places of the planets by, their ſituations could 
never be known; and therefore we may juſtly ac- 
count the having a true catalogue of the ſtars, to 
be the baſis of all aſtronomy. - : | 


PRO B. XI. 
To find the periodic time of a planet. 


'. Þ 


Let the planet be obſerved ſeveral times, till at 
laſt it have no latitude, for it is then in the node; 


note the time when this happens. Alſo let it be 


obſerved again about the ſame place of its orbit, 


and mark the time when it has no latitude, and it 


is then in the ſame node. Then the time between 
theſe obſervations is the periodic time of the planet. 


It, inſtead of one period, you take two points 


of tune, at a great number of years diſtance from 
one another, when the planet was in the ſame 
node; and divide the interval of time, by the num- 
ber of revolutions; the periodic time will be ex- 
actly determined. „ . 
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For the orbit of any planet, being out of the Fig. 
plane of the earth's orbit, the planet is never in 
that plane, but when it is in the nodes, where the 
planes interſect; and therefore it is in the ſame 
node only once in every revolution; that is, when 
it comes to the ſame point of its orbit. 

And to know how many revolutions there has 
been in any great length of time, that there may not 
happen a miſtake of one revolution; it will be 
ſuffcient to know the 2 time in round 
numbers, which may be done thus. | 

Obſerve the time when the 22 is in oppoſi- 
tion to the ſun, and likewiſe the time when he is 
hext in oppoſition; then having its place at both 
times, there is had the arch he deſcribes in the time 
between the obſervations. Then it will be as that 
arch to the whole circumference; fo the time elapſ- 
ed, to the periodic time; which would be exact 
if the orbits were circles, from which. they, do not. 
differ much. 

But for an inferior planet, take the two ob- 
ſervations when the planet begins to be ſtationary. 
And in that time it has deſcribed its whole orbit, 
together with an arch or angle equal to what the 
earth has deſcribed in the mean time; which is 
known, from the ſun's place at the two obſerva- 
tions. Then it will be, as the whole circumference 


„%% ²˙ · PE. = dos 


1 


L + that angle, to the time elapſed; ſo the circum- 

t ference, to the periodic time; nearly. 

1 : 

8 E RO ME. 

a To ud the nodes of 4 plane? s orbit ; and the pla | 

e ne ls diſtance from the Jo at that time. 

p Let ABD be the earth's orbit, FNQ that of the 42. 
: Fs S the ſun, NS the line of the nodes. 

* 


his method * that the places and diſtances 
L 3. of 
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Fig. 


an of 'obſervation';' ahd alſo 1 the arch of the ecliptic 
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of the earth from the ſun, are known at the times 


or * 


deſcribed in that time“ 

F herefòre take tWo obſervations when the pla- 
net is in the node N; let the laces of 1 the earth 
at theſe times be A And B. Then in thé triangle 
ASB, there is ge the ſides BS: 'AS; and included 


angle ASB; to' find the ſide AB, and angles at A 


and B. Aud "ha 8 SAN” ahd NBS being 
known by obſerva) * have the angles 
NAB, bs NBA. A gain, | i che triangle ABN, 


there are. given the 40 es, ark the ſide AB; to 


find NA the planet's diſtance froni the earth. Laſt 
ly. in che kriängle NAS! we have the ſides NA, 

As, and the angle NAS; to find Ns the diſtance 
of the planet from the fun, when it is in the node 

at N; and angle ASN.“ "which determines 00 
place of the hode; and'the' poſition of the Une of 
che nodes NSQ: This calculation will be the ſame 


for an inferior planet, mutatis mutandis. 3 


43 


Cor. Hence the motion of the nodes of a Planet | 
may be known, by comparing their preſent places with 
the places bf the wer 3 our 1 * rere | 


of the ien. rng ant 
e Dd 0 B. Xl. 
To find the inclination of 4 a planet 5. -orbit. 
| Ni- 2612 0 18819 75 iin 
I: Hay. 


Let „pF be th Q > orbit 1 a pla lanet, EON the 
earth's orbit, Nax lebe line o the nbdes. The place 


of the nodes of the Nr. is known by the laſt 
Prop. and therefore the time will be LENS "when 
the earth is in one of the nodes at N. At that 
time let the planet be at P. From P let fall PO 
perp rpendicular to the plane of the ecliptic OL. 

And when the earth is at FN take the latitude 70 


8 


a & 2 


a 


— 
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of the planet, ang the diſtance On from the op- Fi 
ſite node u, as 1 from the earth A. N.“ t "hen Fro 

in the right angled r triangle ro there 

are given the fades 10 tound by obferva- 

tion, to find the ade 5207 the inclination of the 

orbit required. 

For draw from the ſun; at S, the line Sp parallet 
to NP, and po parallel to PO, and draw So, which 
will be parallel to NO. Therefore the triangles 
PNO, ps will be ſimilar. Therefore the latitũde 

oO ſeen from N, is equal to the latitude po ſeen 
from S, being both ſeth Under equal angles. Like- 
wiſe the angle QNn is equal to the angle n; that 
is, the Janguude Ou ice from N, is equal to the 
jongitude on ſeen from S. Therefore there are the 
ſame data in the triangle O as in the triangle 
wp, to find the 9 O of the orbit, 


* 


T 


3 * 


Derne ID ede 


Let be orbit of * planet be bb. 0 of the 44. 
carth BEQ, N the line of the nodes. At the 
time when the earth is at Q in the line of the 
nodes, obſerve accurately the longitude. of the pla- 
net at P, from the fun, or the angle OS, and al- 
ſo its latitude PQQ. Then it will be as the ſine 
of the angle S O, to radius; ſo tan. latitude PQO, 
$0 the tan, of the inclinatian of the fbi. 
For PO being perp. to the plane of the ecliptic; 
draw PQ, OO: and draw QB wy. to Nn; _ 4 
the angle PBQ is Abe inclination. of the orbit. 
the right angled triangles QE, = BPO,. — | 
[> OB : 80 00 radius: f. RO: tan. 
| 08:30 And. Alternately; 8. OM + 10. war, x 
O ee: taps BO. 


. | 8 CH 9 Jy u. 1 0 DR 
1 it happen that the ſun is in the nodes and tlie 
Y on 90 degrees from rhe fun, Then: the latitude- 
JR LEY. att . 


as. a i 


"on FT” k& OS 


wEegy = S >... AS 
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Fig. of the planet ſeen from the earth, is equal to the 


inclination of the orbit. 

For imagine B to be in the earth $ TY 100 
PBS a right angle, or PB perp. to 8 5 then PBO 
is the inclination. res 


PR o B. XIV. 
To find the orbit of a planet, the os of its 


—_— and *. time wwhex it is in the abs war ah 


I Way. 


Let PN be the planet's orbit, AEO the carbs 
S the ſun, Nu the line of the nodes. This me- 
thod ſuppoſes the earth's motion in its orbit to be 
known; and likewiſe the inclination of the planet $ 
orbit. | 

Let the planet be at P in oppoſition to the ſun, 


the earth being at E. Draw PO perpendicular to 


_ 


the ecliptic, and draw SEO; and O is the planet's 
place reduced to the ecliptic, Then obſerve the 


quantity of the angle PEO, the planet's latitude 
ſeen from the earth. And fince the ſun's place is 
known, the planet's place being oppoſite to it is 
Known, and therefore its diſtance + 


om the node 
Oz is known. Therefore in the ſpherical triangle 
PO, the fide On, and angle OzP are known 
cherefore the ſide Px will be known, and PO, 


which is the meaſure of the angle PSO, the lati- 


tude of the planet ſeen from the ſun. Likewiſe 
SE is known being the earth's diſtance from the 


ſun. Therefore in the triangle PSE having all 


the angles and the ſide SE; the fide SP, the 7 | 
net's diſtance from the ſun, is known. Therefore 
we have the planet's place in its own orbit. 

In like manner, by getting two more obſerva- 


tions, of the fame planet, in a poſition oppoſite to 


| 1 un z we ſhall have. two more places D and G 


of 


ö 


* > 


of | mand 
8 
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of the planet in its orbit. Hence we have the Fig. 


curve may be deſcribed by Prop. LXXXV. B. I. 
Conic Sections; and that will be the orbit of 
the planet, from which all other requiſite may be 


ee to the Re planets. . 


place T. Draw PB perpendicular: to the plane of 
the ecliptic. Draw TB meeting with the line of 


| orbit, 


angle NTS, we have given, the ſide ST the dif- 


e vt GU e 


gle NTS or BTS; to find NT. 2. In the _ 
angled triangle TSD; we have TS, and ITSD; 
find TD. 3. In che right angled triangle Ibo, - 


” bd we. SY ” 


ISB, we have TB, TS, and the angle BTS; to 


magnitude and poſition of three lines SP, SD, SG, 44- 
drawn from the focus of an ellipfis ; and then the 


found. It is evident this method can only be ap- 


2 Way, 


Le Str de ide carch's orbits; APE he wits 46 
net's orbit, S the ſun, DSN the line of the nodes, 
Let the planet be at P, whilſt the earth is in any 


the nodes in N. Draw SB; and draw TC paral. 
lel to BP, and TD. perpendicular to DN, and draw .- 
CD; and the angie TDC 1 is the inclination of the | 


Let the angle BTP be obſerved, the planet 8 bs | 
titude at the earth; and the angle BTS its diſtance 
from the ſun in the echiptic. Then 1. In the tri- 


tance of the earth and ſun; and the angle TSN, 
the earth's diſtance from the node, and the an- 


we have TD and TDC; to find Dan.. the 
right angled triangle TCN, we have TC, NT; 
to find the angle TNC. g. In the triangle NTP, 
we have the angle NTP or BTP, and PNT or 
NT, and the ſide NT; to find IP. 6. In the 1 
right angled triangle PTB, we have TP, and an- __. 
gle PTB; to find BT, BP. 7. In the triangle —_ 


find SB, and angle TSB, which is the place A | 
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45: 


point P again; at which time, let the earth be in 
IL. At that time obſerve the angle PLS, or the 
difference of the longitude of the ſun and planet. 


dhe ſides LS, SK; therefore in the triangle LSK, 


LK; to find PL.. In the triangle PLS, we have 


9. In the right angled ſpherical triangle APB, we 
have PB and angle PAB, to find AB and AP. So 
the planet's place in his orbit is known, and his 


lines given in magnitude and-poſition, drawn from 


er BEL be the earth's orbit, S the Gt) A the 
planet, P the point in the ecliptic where it is cut 


_ earth, at K, let the angle PKS'be obſerved, being 


the difference between the lopgitude of the ſun 
and of the planet, ſeen from K. After the planet 


the angles PKL and PLK will be known. In the 


ELEMENTARY 
the planet reduced to the ecliptic. 8. In the right 
angled triangle PBS, we have the ſides PB, BS; 
to find SP, the planet's diſtance from the ſun ; and 
angle PSB, the planet's latitude ſeen from the fun, 


diſtance from the ſun. And if by this method we 
find two more places of the planet in its orbit, and 
the diſtances from the ſun; we ſhall have three 


the focus of an ellipſis; and therefore the curve 
may be deſcribed by Prop. LXXXV. B. I. Conic 
Sections, which will be che planet's orbit. 


3 H. 


by a line AP perpendicular to it. Suppoſe the 


O 


has compleated its period, it comes to the ſame 


Then having the times of obſervation, there will 
be given the places of the earth in the ecliptic at K 
and L, and conſequently the angle LSK, and alſo 


there will be given the ſides LS, SK, and included 
angle LSK ; to find LK and the angles SKL, and 
SLK. And having the angles SKP, and . SLE; 


triangle PLK, we have the angles, and the fide 


the ſides PL, LS, and included angle PLS; to 
find LSP, the longitude of the planet ag” 
| N earth; 


eee 
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earth; and S, the planet's diſtance from the ſun. Fig. 
And the place of the node being known, the diſ- 40. 


tance of the planet from the node in the plane of 
the ecliptic, is alſo known. But PA being per- 
pendicular to the ecliptic, and if A be the place 
of the planet in its orbit: then in the right angled 


triangles APL and APS, it will be as tan. ALP, 


to the tan. ASP; ſo is S to LE; whence the angle 


ASP will be known, and from thence AS. And 
laſtly, the diſtance of A from the node will be 


found as in the laſt method. If by this means two 
more places of the planet be found, there will be 
given the focus, and 3 points in the curve, to de- 
icribe an ellipſis, by Prob. LXXXV. B. I. Conic 
Sections, for the orbit of the plane. 

Then the poſition of the tranſverſe axis of the 
orbit, will ſhew the place of the aphelion; and 


from thence the time will be known; or the place 


of the aphelion may be known, by having ſeveral 


obſervations z and from thence finding the time of 
paſſing from the aphelioh to the perihelion; and 


the time of going back to the aphelion ; which is 
done by help of the bbſerve places. Fhen theſe 
times will be equal, when the point is in the aphe- 
lion; and mult be corre ed by taking new points 
for the aphelion, till it Rappen . | | 

points may be better found by interpolation, from 
the ſeveral obſervations, by Prop. V. of the dif- 
ens A 7 I 


RO B. XV. 


ut the exact 


To find the greateſt, elongation of an inferior planet. 47. 


Let ABD be the orbit of the planet, E a point 
in, the earth's orbit; S the fun. From the point E, 
draw the line EB to touch the/ orbit ABD of the 
mfetrior planet; and the angle SEB will be the pla- 

8 | net's 
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net's greateſt elongation. Therefore draw SB to 
the point of contact B, and it will be perpendicu- 


lar to the tangent EB; whence in the right angled 
triangle ESB, there are given ES and SB, the dif- 


tances of earth and planet from the ſun; to 


find the arigle SEB the elongation. 

For a line drawn from E to any other point 6 
the half orbit ABD, beſides B, will fall within the 
angle SEB ; fince that half orbit is wholly included 
between the lines ED and EB. 

If you would find the greateſt elongation expe- 
rimentally ; you mult take the elongation SEB, 
by an inſtrument, ſeveral times, when it is about 
the extremity. of its orbit; and the greateſt angle 


contained between the ſun and the planet, is that 


ſought. ' But in elliptical orbits, the ſame muſt 
be apeated ſeveral times, when the earth and 
planet are in different parts of their orbits ; and the 
greateſt ed angle is that required. 


PR O B. XVI. 
To 9 Jo the parallgx of a Manes. 


„ Way. 3 
Let AD be the earth, C its center, P the pla- 


net; and let the planet's diſtance CP, from the 
center of the earth be given. Then ZAP is the 
complement of the apparent altitude, ZCP the 


complement of the true altitude. Then it will 
be, as the planet's diſtance from the center of the 


ee the earth's radius AC : : fo the co- 


ſine of the apparent altitude, S. ZAP: to the ſine 
of the parallax. 
For draw AF parallel to CP. Then angle FAP 
is equal to the angle APC. But ZAF is equal to 
ZcÞ, the true zenith diſtance, and ZAP is the ap- 


parent zenith diſtance ; and their difference FAP 
z $56 : 4 , | a 


Dy „e e 5 
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or its equal APC is the parallax. But in the trian- Fig. 
gle CAP, it is CP: S. CAP or ZAP: : CA: S. CPA 48. 
or PAF the parallax, 255 
2 Way. 
If the diſtances of two planets or ſtars, having 
che ſame apparent altitude, be known, and the pa- 
rallax of one of them. ; 4 
Let P and G be the planets in the line APG; 
then APC is the parallax of P, and AGC the 
parallax of G. Therefore in the triangle CPG, 
we have CP, CG, and an angle oppoſite, ſuppoſe 
G; to find the other oppoſite angle. Therefore 
diſtance CP : diſtance CG : : S. CGP : S. CPG 
or CPA; that is, the ſines of the parallaxes 
are reciprocally as the diſtances from the earth's 
center. Ee = 
3 Way. | 
Let S be the ſtar or planet, whoſe parallax is 49. 
ſought. Obſerve it when it is in the ſame vertical 
circle with any two fixt ſtars, A, B. Obſerve again 
when the ſame two ſtars come into a poſition paral- 
lel to the horizon at à and 5, and let the planet be 
come to s. Then with an inſtrument meaſure the 
altitude of a or 5, and likewiſe the altitude of 5; 
and the difference of theſe altitudes is the parallax. 
For the real place of the ſtar S is ſome where in 
the line AB, and therefore it is alſo ſomewhere in 
the line a5, and therefore its altitude is the ſame as 
that of @ or 5. Therefore the parallax is the dif- 
ference of the altitudes of a and s, or of 5 and 5s. 


20 4 Way. 
Let S be the ſtar or planet; obſerve its diſtance 
from any fixt ſtar B, which is in the ſame vertical 
circle ZSB; and meaſure the diſtance SB with an 
inſtrument. Then obſerve again when the ſame 
two ſtars have equal altitudes above the horizon, 
1 at 


138 
Fi 705 


50. 


tracted from che 


ELEMENTARY 
at Z and 5; and then take the diſtance bs, This 


diſtance will be very near the true diſtance of the 
ſtars B and S. Therefore the firſt diſtance BS ſub. 


tracted from the latter diſtance bs (when B is below 
S), gives the pa rallax. Or the latter diſtance ſub- 

former, when B is above S, gives 
the mma . 


2 2 Hach. . 
The parallax may be found hy abſervitig en 
muth and altitude of the ſtar or planet. Let. H 20 


be the meridian, We Ge HO the ho. 


rizon, Z the zenith P. the, pole, S. the ſtar, Z 83 


2 vertical circle paſſing. Ich it. Obſerve the alti- 
tude BS, and the azimuth BO; and mark. the. mo- 
ment of time when theſe obſeryations are made. 


Then obſerve the moment of time that the ſtar 


from 28, known 97 ob 


| planet's paralle} circle; and the other hair Seil rpen- 


comes to the eee and then you have the diſ- 


- . þ + >< 


the ang le ZPA, and 5 Ph Sa to > BO, 5 
A. 
the complement of, the Al 1 . 
n 


vation; the remainder 


AS is the parallax. | 
So wa. 


This is to-be-dowe wich a teleſcope Jar croſs 


hairs in the focus. Direct the teleſcope to the pla- 
net, and turn it round till its motion 18 along one 
of the croſs hairs, which repreſents part o the 


dicular to it, will repreſent i its hour circle. Obſerve 


the time when the planet comes to this hour cir- 
1 there fix the ee, and then take its altt- 
tude ; 


* 


§ꝙ᷑k. ... 6 emi enw we ce er w.i.T Þ 


00 


1 


wude ther, 6blerye the diwe when foie fixe ſtar 


| AS the parallax,” 
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whoſe right aſcenſion is known, comes to the ſame 30. 


tiour circle, The difference of time between the 
lanet and ſtar cowing to this Hour circle, turned 


into degrees (allo ng — degrees to 23 hours, 56 


3 


minutes), gives the difference of right aſcenſions 
of the Planet and ftar; and fo the apparent right 
aſcenſion of the planet is known. Again, when the 


planet comes to the meridian,” obſerve it with the 


teleſcope, and note the time ;' and when the ſtar 


comes to the meridian, note the time of that. Then 


the difference of the times reduced to degrees as 


VVV 
ſo the true right afcenſion of the planet will be 


: z ck 


„ 


known. Therefore let HO be the horizon, HZO 51, 


the rievila 2 the hijith; P the pole” A the ue 
place of tlie planet, S its apparent place, ZSB a 
vertical circle. Then in the triangle ZPS, we have 
ZP, 28, and angle ZPS to find the angle PZS. In 
the triangle ZPA, we have ZP, angles ZPA, 
PZ A; to find ZA, which taken from 28, gives 


If the planer have a' proper motion of its own, 
its true place will be always changing; and there- 
fore the change of place muſt be, computed for the 
time of the obſervations. This is done by obſerv- 
ing its place when in the meridian, twice; and 
thence' the change of place is had for 24 hours. 


And therefore the place at the times of obſerva- 


tions, will be had by proportioning the motion, ac- 
coroner ame ria, 

Here the angle ZPS ſhould be about go degrees, 
td have APS the greateſt poſlible. 


8 „ 12 7 Way. | f | 

This requires two obſervers in different places 
of the earth, and can be applied to none of the pla- 
nets but Mars in oppoſition to the ſun, or to Ve- 


nus 


GAs 
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on, *tis better. And this will be beſt done when 
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nus in the ſun's diſk. Let PERQ be the | earth, 
PR its axis, EQ the equinoctial, S the planet Mars 


in oppoſition to the ſun, and if near the periheli- 


the ſun is about the equinoxes, Let there be taken 


two places F, G, one in north latitude, the other 


in ſouth latitude, and the further from the equi- 


noctial the better, and nearly in the ſame meridian, 
or rather ſo placed, that the line FG drawn from 
one to the other may be nearly perpendicular to 


the orbit of Mars. By this means we have a 


greater baſe to work upon. Then let the two ob- 


ſervers pitch upon ſome fixt ſtar as A, which Mars 
in his motion comes very near at that time; and 


the nearer the better. And having two good in- 
ſtruments perfectly alike, furniſned with microme- 


ters, and being ſituated at F and G; let them ob- 
ſerve for ſeveral nights ſucceſſively about midnight, 
the places of Mars at B and C, as it paſſes by the 


ſtar A; and take the diſtances AB and AC every 


night, during his tranſit by this ſtar. Theſe ob- 


ſervations are to be continued till the diſtances be- 
gin to encreaſe, and no longer; for then he is paſt 


the ſtar. From this number of obſervations, the 
neareſt diſtance of Mars from the ſtar A may be 
found, as obſerved from the places F and G; at 
leaſt they may be found by interpolation. Let theſe 


neareſt diſtances be AB and AC, then we have the 


difference BC, or the angle BSC or FSG. And 


from the ſituation of the places F and G, the 


length and poſition of FG will be known ; and by 


which the radius of the earth ſubtends at the diſ- 
tance FS, or the horizontal parallax of Mars will 
be known. RE 3 


If, inſtead of Mars, Venus be obſerved in the 


either limb of the ſun muſt be taken, whoſe dif- 


ference 


theſe, FS may be found. And laſtly, the angle 


body of the fun; then her neareſt diſtances from 


fri 
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ference will give the angle at Venus, ſubtended by Fig. 

FG, the reſt as before; ſo the parallax of Venus 52, 

will be obtained. 1 | | 
The parallax of Mars, when neareſt the earth, 

has been found 25, 27 and 3o ſeconds at different 

times. | = £1 


a 


Cor. 1. A ſtar or planet appears lower than it 
really is by the quantity of the parallax; which is 
greater the lower the ſtar is; and therefore the borizon- 
tal parallax is the greateſt. . 


Cor. 2. The parallax is equal to the angle which 
that radius of the earth, where the obſervation is 
made, ſubtends at the planet, te 


Cor. 3. The parallaxes of two planets are as the 
coſines of the apparent altitudes direfly, and their 
diftances' from the earth's center rectprocally. 

For when the diſtance is given, the parallax is as 
the ſine of the zenith diſtance (by method 1.) and 
if the apparent altitude be given, the parallax is 

reciprocally as the diſtance, by method 2. and 
therefore is in a compound ratio, when neither is 
given, Here the parallax being very ſmall, one 
may take the parallax itſelf for the ſine of the 
parallax. T SS 


Cor. 4. The parallax of a planet being known, its 
diſtance may be found. > „ 
For this is only working backward, ſaying as 
ſine of the parallax, to the earth's radius; ſo 8. 
zenith diſtance, to the planet's diſtance. 


| Cor. 5. Having the parallax of any of the planets ; 
the diſtances of all the planets from the ſun may be 
_ in diameters of the earth, or any ſort of mea- 
are, | ; | | 
For the diſtances of the planets from the ſun and 
from one another, are known in ſome aſſumed _— | 
: ure. | 
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- zenith, P che pole of EC, S the apparent place of 
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diſtance of the earth from it, is known. And 
therefore all the other diſtances will be known by 
proportion. EE. 

. PROK a. 

| Having the parallax of a planet, uni its poſition in 
reſpect of the ecliptic ani circles of longitude, Sc. 10 


| find the parallax of latitude and tongitude;, or the 


parallax of right aſcenſion and declination. 
Let HO be the horizon, EC the ecliptic, Z the 


the planet, ZSB a vertical circle drawn thro? the 
planet, A the true place of the planet, PAL, PS], 
circles of longitude. Draw AD parallel to EC, 
Then AS is the parallax of altitude, SD the para. 


ax of latitude, LI the parallax of longitude; L 
being the true place of the ſtar reduced to the 


ecliptic, and I the apparent place. 5 

Then having Kn the angle ASD, in the 
fmall right angled plane triangle ASD; the paral- 
lax of latitude SD will be had, and the fide AD, 
Therefore in the triangles PAD, PLL, it will be, 


as S. PD: radius: : AD: LI the parallax of lon- 


gitude. And whether it is to be added to, or ſub- 
tracted from the longitude at L, will eaſily ap- 


. pear, by the poſition of the circles EC, ZB, PL. 


But if EC be the equinoctial, P its pole; then 


SD will be the parallax of declination, and LI the 
parallax of right aſcenſſon. | 


Cor. 1. If the circles PS, 28 coincide; SD = 


| AS, and AD = o. That is, the parallax of longi- 
_ tude or right aſcenſion, is nothing, and the paruilas 


of latitude or declination, is equal to the parallax 
altitude. Es e | 


Cor. 


I 7 „ err tam oi oe. we. oe. oe. 


S2 g. 
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. Cor. 2. If the circles EC, ZS coincide. Then AS Fig. 

1 — LI, and SD = o. That is, the parallax of Ion- 53. 

7 giitude or right aſcenſion (as the caſe is) is equal to the 
parallax of altitude. And the parallax of latitude or 
declination is nothing. e | 

.  _ PROB, XVII. 

4 70. fd the periodic time of the moon, her orbit and 

. parallar. EL. 

5 1. The moon's periodical time is known by ob- 

5 ſerving the diſtance of time between her conjunc- 

h tion with any fixed ſtar, and her next return to the 

ſame ſtar again. But this being different at dif- 

I ferent times; if the time be taken, between her 

10. conjunction with any ſtar, obſerved ſeveral years 

T ſince; and her conjunction with the ſame ftar in 

| the this age; and that time be divided by the num- © 
ber of her revolutions ; it will give her mean perio- 

de dic time, which is 27 days, 7 hours, 43 minutes, 

| 12 ſeconds; and is ſomething more than her re- 

- turn to the ſame point of the ecliptic, which is 277 

_ 43" 5+. on þ | | 

1e, , ky The time of the moon's Hnodic revolution, or 

ro the time of her revolving from conjunction to con- 

ſu junction with the ſun, is found the fame way, by 

" obſervation; and in a great number of years is 


found, by dividing, the diſtance of time by the num- 
ber of theſe revolutions z. and is 29* 12 44” of. 
3. To find the parallax, proceed by the methods 
lad down in Prop. X VI. or by this method, which 
is peculiar to the moon. In an eelipſe of the moon, 
obſerve when the horns of the moon are in the 
ſame vertical circle, and at that moment take the 
altitude of both the horns; then half the ſum is 
the apparent altitude of the moon's center. And 
ve ſhall have the true altitude of her center thus. 
M 2 | CVP 
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Wh Fig. the place of the ſun in the ecliptic at that time is 
8 33. known, and therefore the place of the center of 
» i the earth's ſhadow, which is oppoſite to it, is 
known ; and the altitude of the moon at that time 
is equal to the altitude of the center of the ſhadow, 
becauſe they are both in a line parallel to the ho- 
rizon. Therefore finding the altitude of that point 
of the ecliptic, in which the center of the ſhadow 
is; from which ſubtracting the apparent height of 
the moon, and the remainder is the parallax. Thus 
8 her mean horizontal parallax is 57! 117. 
54. 4. To find her diſtance. Let AD be the earth, 
wWuhoſe center is C, and A.the place of obſervation, 
Let F be the place of the moon. Find her paral- 
lax AFC by Art, 3. and apparent diameter. Then 
in the triangle AFC, we have the angle F the 
_ parallax, and angle CAF the ſupplement of ZAF 
her apparent zenith diſtance; to find her apparent 
diſtance AF. Then if G be another place of the 
moon, whoſe diſtance is ſought. Let the moon's 
apparent diameter at & be obſerved, and her alt- 
tude. BAG. Then it will be, as her apparent dia- 
meter at G, to her apparent diameter at F; ſo is 
AF to AG. Then in the triangle CAG, having 
the ſides AG, AC, and angle CAG (= the right 
angle CAB + altitude BAG), the fide CG will be 
# found, or her diſtance from the earth's center = 
WH 60.3 of the earth's radii, at her mean: diſtance. 
1 6 95. To find the tranſverſe axis of her orbit, and 
#8 excentricity. Find her diſtances from the earth's 
4 | center, by a great number of obſervations, conti- 
Fi nued thro? her period, as in Art. 4. Out of theſe 
1 | ſelect the greateſt and leaſt, and the ſum of them 
is the greater axis of her orbit; and half the dif- 
ference is the excentricity. Thus the mean excen- 


tricity is 35, the mean diſtance being 1000. 0 
Note, the moon will be nearly at the greateſt 5 
and leaſt diſtances from the earth's center, when 0 


the 


Sed. IV. FR OB LEM = al 


the apparent diameters are the greateſt and leaſt, Fig. 
taken about the ſame altitude. And about theſe 
times you muſt find the ſeveral diſtances from the 


and by diſtant obſervations how far either node has 
this changed its place in a great number of years, the 
onti- time of one revolution will be found. Thus the 
dec moon's nodes are found to be retregrade; and 
den make a revolution to the ſame point of the ecliptic 
bb in 18 years, 224 days, 5 hours. 
Gurl 8. To find the inclination of the moon's orbit. 
85 Obſerve her latitude ſeveral times when ſhe is near 
ateſt a quadrant from her node; and the greateſt la- 
chen titude is the inclination of her orbit, allowing for 
the „ M 3 the 


earth's center, in order to avoid needleſs trouble. 
6. To find the place of the moon's apogee. Ob- 

ſerve two places of the moon, when ſhe has the 

ſame apparent diameter, and the ſame altitude; bi- 


ſect that arch to find the intermediate place; for the 


apſis of her orbit paſſes thro? it, and therefore the 
poſition of the apſis is known. And that point is 


the apcgee where the apparent diameter is leaſt. By 
comparing two ſucceſſive revolutions, the motion 
of the apogee will be known. Or rather by divid- 


ing the whole ſpace gone thro' in a long time, by 
the number of revolutions, gives the time of one ; 
thus the apogee makes a revolution in conſequen- 


tia, to the ſame point of the ecliptic, in 8 years, 


zog days, 8 hours, 20 minutes. 
7. To find the place of her nodes. Obſerve the 


latitude of the moon ſeveral times till you find it 


to be nothing, when the parallax is allowed for; 
and that 1s the place of her node. If the moon be 
coming northward, it is the aſcending node; if 
ſouthward the deſcending node. If the places of 
the moon be found thus, when ſhe is in two ſuc- 
ceeding nodes; the arch deſcribed by the moon in 
that time, compared to a ſemicircle, will ſhew the 
motion of the nodes. Or rather, it being known 
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S Fig. the parallax. Thus by many obſervations, the in- 
clination of her orbit is ſometimes 5? of, and ſome- 


times 5 18'; and always between theſe limits. 


SCHOLIUM. h 

Frequent obſervations have diſcovered to us that 
the orbit of the moon is continually changing. For 
tho* the moon's orbit is nearly an ellipſis, where 
the earth is in one of the foci z yet it neither keeps 
its magnitude nor poſition. For, EI 
1. When the earth is in its aphelion, the moon 
moves faſter, and performs her revolution in leſs 


time. But when the earth is in the perihelion, the 


moon moves ſlower, and is longer in making a re- 
volution. | | | 


| 2. When the moon is in the fyziges, ſne moves 


ſwifter; and in the quadratures, ſlower. 


3. When the moon is in the ſyziges, the apſides 


move forward, but in the quadratures they go 


backward, But in a whole revolution of the moon, 


% 


they move forward. 


* - 


4. The excentricity of her orbit increaſes as the 
line of the apſides approaches the ſyziges, where it 
is greateſt ; and diminiſhes as the apſides approach 
the quadratures, and 1s there the leaſt. 

5. The line of the nodes is moſtly moving back- 
wards z except when the moon is in the quadra- 
tures, and then the nodes ſtand ſtill; or when the 
nodes are in the ſyziges, where they alſo ſtand ſtill; 


and between the node and neareſt quadrature, they 
_ go forward. OE a | 


6. The inclination of the orbit increaſes from 
the moon's ſyziges to the quadratures; and de- 
creaſes from the quadratures to the ſyziges. And 
in the paſſage of the nodes from the quadratures 
to the 1 the inclination increaſes; but in 
their paſſage to the quadratures, it is diminiſhed. 
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PRO B. XIX. * 
To find the refraction of a ftar. 


The earth being ſurrounded with a body of air, 
alled the Atmoſphere, thro* which the rays of | 
light come to the eye, from all the celeſtial bodies. 
And ſince theſe rays come out of a vacuum, and 
fall obliquely upon this body of air; they will by 
the laws of optics be refratied in lines approaching, 
nearer to the perpendiculzr of the refracting ſur-. 
face, Let AD be the earth, ſurrounded by the at- 
. moſphere PR. Let F be a ſtar whoſe rays paſs 55, 
 thro' the atmoſphete QA to the obſerver at A. 
Now ſince the atmoſphere is denſer near the earth, 
and grows rarer by degrees as its height grows 
greater. Therefore at the top Q it is but a very 
ittle refracted, and as the air grows denſer, the 
nearer the ray approaches the earth; the ray will 
be more a! more refracted, and gradually bent 
into a curve QA. By this means the ſtar comes to 
the eye in the direction GA, which is a tangent to the 
curve at A; and ſo the ſtar, inſtead of being ſeen . 
at F where it really is, appears to be at G, ſituated 
in the line AG. For this reaſon a ſtar always ap- 
| [age higher or more elevated above the horizon, 
by the refraction, than it really is. And fince the 
refraction is made in a plane which is perpendicu- 
lar to the ſurface of the atmoſphere, or to the ſur- 
face of the earth, which plane paſſes thro? the cen- 
ter of the earth; therefore both the true and ap- 
parent place, F and G are in the ſame vertical cir- 
cle, whoſe plane paſſes thro A the place of the 
obſerver, and the center of the earth C. It is plain 
alſo, that the refraction will be the Tame at all diſ- 
tances from the earth, when the altitude is the 
lame; for from whatever part of the line FQ, the 
ä . 
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rays proceed; they will be refracted along the curve 


QA to A. Likewiſe-we know from optics, that 


if a ray of light paſs thro' ſeveral refracting medi- 
ums, it will ſuffer the ſame refraction, as if it paſſed 
immediately out of the firſt into the laſt ; therefore, 

It has been confirmed by experiments, that light 


falling upon a medium of air of a mean denſity, at 


a very ſmall angle of inclination, will make the re- 


fracted angle half a degree; but this will vary ac- 


cording to the denſity of the air. Aſtronomers 
commonly make the horizontal refraction to be 33 
minutes. Here the angle of incidence 1s go de- 


grees. Therefore to find the refraction at any other 


altitude, it will be by the laws of Dioptrics, as ra- 


dius : Coſ. 33“ (fine of refraction) : : coſine of the 


true altitude of a ſtar : to the coſine of the appa- 
rent altitude by refraction. Then the true altitude 
taken from the apparent altitude, gives the refract- 
ed angle, which is the refraction of the ſtar. _ 

For the ſines of incidence and refraction are in a 
given ratio, and the coſine of the true altitude, or 


the ſine of the zenith diſtance, is here the ſine of 


incidence. And the coſine of the apparent altitude, 
or the. ſine of the apparent zenith diſtance, is the 


ſame as the ſine of refraction. _ 


Having the horizontal refraction, to find it at 
any other altitude. Let ADBG be a circle, C the 
center, and let the diameter AB repreſent a part of 
the ſurface of the denſe atmoſphere, Draw DCG 
perpendicular to it. And let the horizontal ray 


AC be refracted in the line CT, and the ray PC 
in the line CZ. Produce, PC to N, and draw TO, 


NM, ZV, PR, perp. to PG; and ZF, TI parallel 


o it. Let AC ., CLor OT =, FR or MN = 
„ ͤ reer. 


„ N the refraction, r = AC: Then by the 


principles of Dioptrics, : :: C: c, and by di- 
viſion, r- 4: a:: C- : c, whence C — c or 


FN 
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FN = 


171 — 7 


c. But becauſe ZN is a very ſmall 


arch, F ZN may be looked upon as a plane trian- 
gle, ſimilar to CVZ, whence CZ (r): CV (5): : 


(£186, 200 Pang Y _-- | 1 — 42 
ZN (z) : FN ( Pak c). Therefore SZ =, 72 
_ ed ic. a. fk 
and 2 = Pr But becaug——= 
pes”. 4.5 a a 


is a given quantity, z will be as 7; that is, the 


refraction at any altitude will be nearly as the co- 
tangent of the altitude, or as the tangent of the ze- 
nith diſtance. „ | 

This rule may deviate a little in very ſmall alti- 
tudes, becauſe the rays near the horizon are not 
regularly refracted; for the rays coming parallel to 


the horizon, and falling on the atmoſphere, will cut 
its curve ſurface in ſome ſmall angle. That is, the 


part of the atmoſphere, where a horizontal ray falls, 
cannot ſtrictly be looked upon as parallel to the 


horizon, but will vary the more as the elevation is 
leſs; and this cauſes the failure. 5 


* 


| 2. T 0 find the refraftion by obſervation. | 
Take the altitude of a fixed ſtar, when it is at 


its loweſt point, under the pole; and again at about 
12 hours diſtance, take its altitude, when at its 


higheſt, and clear of refraction. Then having the 


latitude of the place, you'll find the diſtance of the 
ſtar from the pole at each obſervation; take the 
lleſſer diſtance fr 
is the refraction of the ſtar at the leſſer altitude, 
when under the pole. 2 


om the greater, and the remainder 


4 l 


#4 


For at the greater height of the ſtar, it is ſup- 


poſed clear of refraction; and therefore you have 
its true diſtance from the pole. But at the leſſer 
height you have its apparent diſtance. So their 
difference muſt needs be the re fraction. 


In 
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this laſt from it, provided the lower altitude be not 
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In this obſervation, it is beſt to chuſe ſuch a * 
as comes pretty near the zenith, either northward 


or ſouthward ; and then you may be ſure its refrac- 
tion is not ſenüble. But if you ſuſpect, that it has 


ſome ſmall refraction at its higheſt obſervation, it 


may be found out by the proportion before given; 


by ſaying, as tan. greater zenith diſtance : tan. leſſer 
zenith diſtance : : ſo the refraction at the lower al. 
titude : to the refention at the higher. By this the 


lower refraction will be corrected, by ſubtracting 


leſs than 8 or 10 degrees. 


After this method, by the obſervation of diffe- 
rent ſtars, the refraction for all altitudes may be 


found very accurately; and a table made of them 
for uſe. Thus the refraction at 10 degrees altitude 
is found to be about 5 minutes; and in the ho- 
rizon from 30% to 37, 


Cor. 1. Refractionm makes a ſtar appear higher than 
it is; contrary to the PR. which nua it 155 
pear lower. 


Cor. 2. The reſra@ion decreaſes PW the Horizon 
to the zenith (like the parallax). And therefore the 
borizontal refraftion is greateſt, and in the zenith it 


is nothing. 


Cor. 3 . All the ſtars, Cc. have the fame refrac- 
don at # ”"_ Beig bi, wbatever their diſtances may be. 


Cor. 4. The ſun and moon appear of an oval figure 


wear the 1 3 by reaſon of the refraction. 


For the under fide being more refracted than the 


upper ſide, the perpendicular diameter will be leſs 


than the horizontal one. 


Cor. 5. Hence by the refraction, the Ai moon, and 
az riſe ſooner, and ſet later than they ought: to do, 


3 their proper motion. 
For 
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For they are really below the horizon, when Fig. 


they appear to be in it, by the quantity of the ho- 36. 
| 2 refraction. . 3 5 


Cor. 6. By the variableneſs of refraction, it bap- 
pens that the tops of mountains, or high towers, are 
at ſome particular times viſible, and at others inviſible. 
For as the denſity of the air changes, the degree 
of refraction changes. And theſe changes happen 
ſometimes in a few hours, eſpecially within 3 or 4 
degrees of the horizon. And thus it comes to paſs, 
that the top of a mountain may be ſeen in the morn- 
ing or at night, and be inviſible at noon; in the 
ſame place. And thus the lower part of a tower 
will be ſeen in the morning, and the upper part 
at noon, thro' a teleſcope remaining fixt all the 
while. And thus ſametimes the top of a remote 
tower has been viſible above the top of one nearer, 
and ſometimes inviſible. So great a change there 
is in the denſity and refraction of the air within 2 
or 3 degrees of the horizon, cauſed by vapours 
ariſing from the earth, rarefied and condenſed by 


1 heat and cold; that it is no wonder if the refrac- 
ze tion, ſo very near the horizon, be ſo variable and 
1 ſubject to change. Whilſt at greater altitudes, 


where the atmoſphere 1s not diſturbed by ſuch 
cauſes, it is more regular and uniform. 


4  SCHOLIUM. | 

Beſides this effect which the atmoſphere has, of 

” refracting the rays of light; it has another effect, 
of reflecting them. By this means the twilight is 

he produced; and this light is ſeen long before the 
s jun riſes, and continues long after ſun- ſet. For the 

height of the atmoſphere is ſo great, that it is able 

ut to reflect ſome of the ſun's rays to us, when he is 

bo, 18 degrees below the horizon. From which time it 

a grows gradually lighter till the ſun riſes, and the 

or n > BR twilight 


. 
Fig. 
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twilight diminiſhes gradually after ſun-ſet, till it va- 


niſh into total darkneſs. _ 


Wi R O B. XX. 
E fin the ſun's parallax and 4 3 


1 Way. 


This is done by finding in the firſt place, the 
parallax of ſome of the planets; or perhaps of a 
comet if it come near enough. And the parallax 


of this being known, the ſun's parallax will become 
known. For the parallaxes of two celeſtial bodies 


are reciprocally as their diſtances. And the pro- 


portional diſtance of the planets from-the fun, and 
from one another, are known; whence the paral- 
lax of any one being known, that of any other, 


or of all the reſt, will be known. 


For this purpoſe the planet Mars when in oppo- 
ſition to the ſun will be fitteſt to be made uſe of; 


becauſe at that time he comes neareſt, the earth, and 
his parallax is then the greateſt. Therefore find 


his parallax at that time by ſome of the methods 
laid down in Prob. XVI. Then having his parallax, 


and the proportional diſtances of Mars and the ſun, 


from the earth at that time; the ſun's parallax is 


found by the foregoing rule. By this method Mr. 


Flamſteed found the parallax of Mars leſs than 


30”; and from thence determines the ſun” 8 parallax 
not to be above 10”, | | 


2 Way. 


This method depends upon finding the els 


of Venus, in her tranſit over the ſun's diſk, a thing 


which very ſeldom happens, but may be put in 


practice when it does happen, provided an obſerver 
be in a proper place upon the globe; and the near- 


er the equinoctial the , becauſe che arch de- 


ſcribed | 


PA 
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. ſcribed in any time by the diurnal motion, is the Fig. 
greater. This is done by finding the apparent time 56. 
of the tranſit, by a good pendulum clock, and the 
true time by calculation. This is beſt and moſt ex- 
actly performed by two obſervers, upon different 
places of the globe whoſe longitudes differ about 
180 degrees. But as few people care to go to far 
diſtant countries in order to make obſervations ; I 
ſhall ſhew how it may be done by one alone, who 
happens to be in a fit place for it. 

Let GQI be half the diſk of the ſun. E * F 
the earth in its orbit, V and X Venus in her orbit. 
And let ACPDB be the path of Venus over the 
ſun's diſk. F ind the horary motion EF of the earth 
in its orbit, and VX the horary motion of Venus in 
her orbit, from the aſtronomical tables, by the 
theory of the earth and Venus. Then we ſhall have - 
the angles FDE and XDV. Put FDE = p, XDV ' 
3 VE or XF a, VC or XD =6.. And the 
lines EVC, FXD, being drawn from the centers E 
and F, thro? Venus at V and X, then CD will be 
the horary motion of Venus in the ſun's diſk. To 
find which, draw DV, and XB, touching the earth 
in 5; then FDs is the ſun's horizontal parallax, put 
FDs = x the horizontal parallax. And we have 
the EDV q — 

- Now in the triangle DEV, VE (a): VD (S): 


rv g- DEV or DEC = 721, the an- 
gle ſubtended by CD, which is the apparent hora- 


ry motion on the ſun's diſk. 
Watch the time carefully when Venus enters the 
: | ſun's diſk at A, and note the time; and alſo the 
time of the internal contact. Do the like at the 
end B of the tranſit; - likewiſe take the greateſt 
diſtance of Venus PQ from the ſun's limb, in the 
middle of the tranſit; take alſo the frn's diame- 
ter GI or 280, and that of Venus. Then we _ 
| R have 
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AB : TB the minutes wherein the whole path 
would a * to be deſeribed from che center of 
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have SP he: ar, PO, and from thence AB, * 
path deſcribed. Then ſay, as CD : 1 hour or 6on:: 
60AB 


the eart 

But the rotation of the earth being from weſt to 
eaſt, and Venus tranſit being from eaſt to weſt; 
the will appear to go ſooner off the diſk. For while 


the earth moves from E to F, the place of the 


obſerver is moved thro? the arch no. And there. 
fore, Venus inſtead of being obſerved at D will be 


obſerved at B in the line XB. The time of de- 
ſcribing DB, then is owing to the parallax. 


Put 4 = earth's diameter, c = no the chord of the 


arch deſcribed during the tranſit. Then in the tri- 


2 miniſhed i in that ratio, therefore 4: G:: —: 


angle DXs, Xs (a): XD (5) : : x (the horizontal 
parallax) : angle DPX or D5B = —- But becauſe | 
10 is leſs than the diameter, this angle muſt be di- 


bx ber 
5 


the angle which BD ſubtends by half the chord 10. 


And this muſt be doubled, for it is the jame both 


at the beginning and end of the tranſit, as it cauſes 
it to begin later and end ſooner, Therefore 2BD 


2bcx 


or = is the diminution of the length cauſed by 


the parallax of the chord uo. Then to find "e time 


wherein this is deſcribed ; it is, as CD: 


od xv the contraction of the time, by 
the parallax. But we have the time by obſervation, 


abcx 120bcs 


that the center of Venus ſeems to deſcribe the 


whole path AB, for it is nearly equal to the diſ- 
tance of time of the inner contact at the beginning, 
and the outer contact at the end, let this time in 


minutes 


ON 


wa = © 2 
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x 120bcx 60K 
minutes = #3 then # ++ TAN CB oO =p” Thou 


adt x CD + 120bex = Od, AB. Put for CD 
is equal E and let AB = u, then ade x 


— b + —_— 6oadn, or 120bcx = — 6oadn — 


| Goadn — bdt x9 
bat x 7 19 and & = ä = 


—__ 


57 


d 8 | 
＋ * ebene ata 
angle expreſſing the ſun's chord AB. 


ff the chord 20 is not at right angles to DF or 
CE as the calculation ſuppoſes; that is, if the ſun 


is not in the meridian, at "Io middle of the tranſit ; 
then c muſt be diminiſhed in the ratio of radius to 


the coſine of the meridian' 5 diſtance from the mid- 
dle of the tranſit. 


And if that chord drawn in the ſphere is not pa- 


rallel to the orbit of Venus, then c muſt be further 


diminiſhed in the ratio of the radius to the coſine 


| of inclination. 


If this method be carefully managed, it will 


ive the parallax to great exactneſs. And to — | 


orm it, there is required a good pendulum c 


with ſeconds, to note- the time of The tranſit; and 
good inſtruments, with teleſcopic ſights to take the 
diameters of the ſun and of Venus, and to take 


her furtheſt diſtance from the ſun's limb, to have 
her neareſt approach to the center. 


3 Way. 


. Hut if another obſervation can be made in the op- 


poſite part of the ſame meridian, or near it, where 


the immerſion and emerſion can be ſeen (which is 


Dr. * s method); the parallax may be deter. 


mined 


1 


Fig. | 


Fig. mined 
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to far greater exactneſs, and with leſs calcu- 


57. lation. For fince on the oppoſite ſide of the earth, 


the revolution is made from eaſt to weſt, the ſame 
way that Venus moves; it is plain the time of the 
tranſit will be prolonged, by reaſon of the parallax. 
Therefore if the time of the tranſit be exactly ob- 
ſerved in this laſt place as well as in the former; it 
muſt needs be longer than the firft obſerved time. 
And from the difference of the times the parallax 
will eaſily be found. _ | e 

Let T = this laſt obſerved time of the tranſit, 
C the chord of the arch deſcribed in the time of the 
tranſit, by the place of the obſerver. Then pro- 
ceeding as before, we ſhall have this equation T — 

Cx 60AB © 4 G7 UN ED 

5 = "cp * andadT x CD— 12054Cx = 


GO * AB, or adT Xx : _ 3 — 120bCx = 
| — __ 1203Cx + God 
this value of di X q — p into the equatign found 


6oadn, and dh * q —p = Put 


before, 120bc# = Goadn — bdt x q p Then 
120bœ = 6oadn' — t Xx ont _ * and 
120 C Tx + 120bCtx = 60aduT — 6oadnt. Whence 
x => 4; he parallax. 

26 CT + Ct | 


3 
o 5 

The ſame method might be made uſe of in Mer- 
cury's tranſit over the ſun, but that his parallax is 
ſo ſmall, one can make nothing of it. For he be- 
ing nearer the ſun than Venus, and conſequently | 
further from the earth; his true and apparent place 
upon the ſun's diſk almoſt coincide. So that no 
difference of the times of his real and apparent 
| motion 


Set. V. PR OB IL. EMS. 


177 


motion over the ſun's diſk can be diſtinguiſhed. Fig. 


| thoſe of Venus, they would have afforded many 


Otherwiſe, as his tranſits happen far oftener than 37. 


opportunities for this purpoſe. For there are no 


leſs than ſix tranſits of Mercury before this century 
and 1 299. But there are only three tranſits of Ve- 
nus before the commencing of the next thouſand 
ars; and thoſe are in 1769, on June 3d, at 11 


ofclock at night; in 1874, on Dec. 8th, at 4 o'clock 


in the morning; and in 1996, on June 8th, at 2 
o'clock. So that if that in 1769 be let paſs; no 


dat will not be viſible in this country. 


ſeen by an obſerver, is not ex the fame. as her 


is out, viz. in 1769, 1776, 1782, 1786, 1789 | 


further —_— can be expected in this age. 

And even th | | 

I1 muſt take notice, that 1 of the planet 
4 


path ſeen from the center of the earth which we 


here calculate; and this is alſo owing to her pa- 


rallax. But whenever this method is put in exe- 
cution, theſe trifling errors may eaſily be corrected. 


bc 'PROB, XXI. | 
To find the difaxce of ſome of the fixed ftars. 


| If this problem is to be done at all, it muſt be 


after ſuch a manner as this. Chooſe two ſtars S 


and T, a greater and a leſſer, which appear exceed- 


ingly near together, or if poſlible in one line AST ; 
when the earth (or the tun) is about go degrees 
diſtant from them in the ecliptic ; that is, when the 


be found to anſwer this poſition. Now a greater 
and a leſſer ſtar are to be choſen, becauſe in all 
- probability, they are at very unequal diſtances from 


58. 


difference af longitude of the ſun and the ſtars then 
bbſerved, is about a quadrant. And out of ſuch 
a number of ſtars as the heavens afford, ſome will 


the earth. The earth being then at A, in its orbit 
ADB, you muſt, with the beſt teleſcope you can 


* wy . r * an > MI , 
_ TO ng ? — — — " 


—— — a” — > 
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Fig. get, obſerve diligently the ſtars S and T, in u d 


58. 
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near the line AST, and take their diſtance if on 


have any, as near as poſlible. Then at the di 


tance of half a year, or when the earth is at B, 


in the oppolite point of its orbit, obſerve the fame 
two ſtars again, with the ſame inſtrument ; which 


then will appear further at a diſtance from one ano- 
ther, and be ſeen under the angle SBT ; therefore 


let the angle SBT be meaſured as before. But if 


you can find no difference in theſe angles, then che 


earth's orbit has no ſenſible parallax. 


No ſince the ſtar T is ſuppoſed to be very 


ſmall, it will probably be at a very great diſtance 


beyond 8. And the angle SBT will be very near 


equal to the angle ASB, which is the parallax of 


the earth's orbit at the nearer fixt ſtar, if S and I. 


are in a line from A. 


But if S and T are not in a * but make an 


angle at A, then that angle muſt be taken from the 


angle at B, if they can be meaſured or eſtimated; 
and the difference will be nearly the parallax of the 
annual orbit ADB, or the angle ASB; which be- 


þ ing known, the ratio of AB to AS. will be known. 


two ſtars: 


If the ſtars S and T be taken near the pole of 
the ecliptic, one may make obſervations in any two 


oppoſite points of the ecliptic, or in as many places 


as you will, to find what alteration __— in the 


If the ſtars are not very different in magnitude, 
the angles at B and T may be eſtimated by the 


«diſtances BS and ST, and thoſe by the magnitude 


of the ſtars ; from thence the angle ASB will be 


nearly known. But by all obſervations that have 


hitherto been made, thoſe angles are ſo ſmall as not 


to be had by any inſtruments. 


The immenſe diſtance of the fixt ſtars is FE e- 


ned from 1 e when” their diameters are 


magni- ä 


9 0 
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magnified 100 or 120 times, the greateſt of them Fig. 
appear only as points without any magnitude. 58. 


Scholl Iu M. 


It is extremely probable, that the annual 'paral- 
tax of the ſtars is quite inſenſible, and cannot be 

found to be of any magnitude by the beſt contriv= — 

ed inſtruments. For ſuppoſing ſome of the fixt 1 
ſtars to be in reality as big as the ſun, as the ſun | 

is one of that kind of bodies. And if any ſtar, 5 

viewed thro? a teleſcope that magnifies 100 times, = | 

ſhould appear under an angle of half a minute, * 
which is a ſenſible magnitude; the true apparent 

diameter would not exceed 18 thirds; which is 
leſs than the 6oooth part of the fan's apparent dia- 

meter. And then the ſtar's diſtance would at leaſt 
be -6000 times more than the ſun's. But as none 

of the ſtars appear to have any magnitude thro? a 
_ teleſcope; of conſequence the ſtar's diſtance is far 
more than 6000 times the diſtance of the ſun. 

Mr. Flamſteed, by 7: year's obſervation, found 
the diſtance -of the pole ſtar from the north pole, 
to be greater, about the ſummer ſolſtice, than about 
winter, by 40 or 30 ſeconds; and ſo'concluded 
that the parallax of the earth's orbit was ſo much. 

But when this matter is rightly conſidered ; that 
difference is found to ariſe from the compound mo- 
tion of the earth in its orbit, and of the rays of light. 


Roo 
To find the orbit of a comet. | 59. 


This is the moſt troubleſome piece of work in 
the whole practice of Aſtronomy. For the neceſ- 
fary data for determining their orbits, cannot be. 
had here, as may for determining thoſe of. the 
planets, The reaſon is, that none. of them is vi- 

| | N 2 | ſible 
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fible for its whole revolution, but only for a very 


ſmall part of it. And therefore a comet is very 
ſeldom * ſeen in conjunction or oppoſition to the 
ſun ;* and ſeldom at its node, in the plane of the 

ecliptic. So that it is but in a ſmall part of their 


orbits, that one can make any oþſeryations upon 


them; and no man has the opportunity of ſecing 


the ſame comet twice, as they return not till after 


a great number of years. Therefore comet can: 
not be obſerved twice in the ſame node, nor in any 
one place; ſo that we are deſtitute of thoſe me- 


thods of obſerving, which we can make uſe of to 
find a planer's orbit. es Gat 


Under theſe diffculties, we are forced to call in 


all the helps we can get; and atter all, it cannot 
be done by any direct method. For it is of ſo Owl. ä 
Ce 


cated a nature, that it can only be ſolved by 


quent trials. And to this end, different people 
ave invented different methods of proceeding; 
and all of them aſſume an orbit at pleaſure, and 


where they find the obſerved places do not agree, 


they correct it after, by repeated trials, till with | 
great labour, they at laſt get it to correſpond with 


the obſervations. And that is when the computed 
laces agree with the obſerved ones. The method 
Tall here purſue is rather a method for proving 


the truth of an orbit already found out, than a 


method for finding one. Tho, like all the reſt, it 


may be corrected time after time, till it be as per- 
fect as poſſible. 5 | | 


As all the planets move in ellipſes, approaching 
very near to circles; ſo the comets, at leaſt thoſe 
that return, revolve in very long, and excentric el- 


_ lipfes, ee very near to parabolas. And 


in that ſmall part of the orbit, in which a comet is 
viſible, there is no ſenſible difference. Therefore 
we are to ſuppoſe that any comet moves in a pa- 


| rabola about the fun, placed in the focus thereof. 


And 
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And therefore what we have to do is to find the Fig. 
magnitude and ſituation of a parabola, in reſpect 59. 
of the ecliptic; ſo that a comet moving therein 
may have all its computed places, the ſame as thoſe 5 
obſerved from the earth. And the ſeveral elements 
of a comet's orbit are theſe, 2 85 3 
1. The place of the node. ARS 
2. The inelination of the plane of its orbit. 
3. The perihelion diſtance from the ſunn. 
| 4 The place of the petihelion in the comet's 
obe -— 
5. The time of its being in the perihelion. 
Before one can attempt to calculate the orbit of 
a comet, a ſufficient number of obfervations ought 
to be taken, of the places of the comet. Out of 
which three ſele& ones muſt be taken, fuitable to 
the purpoſe; by help of which this buſineſs is to be 
effected; | Therefore RE hg 
1. As ſoon as ever the comet is ſeen to appear, 
begin to make your obſervations. And every 
night about the ſame time which muſt be exactly 
noted, obſerve the place of the comet, among 
the fixt ſtars, by taking its diſtance from two. 
known ſtars, and continue to do this as long as the 
comet appears; for notwithſtanding all your care, 
there will happen many cloudy and rainy nights, 
when no obſervations. can be made; and therefore 
no opportunities ſhould be miſſdeQ. 
2. At the times you are obſerving the places of. 
the comet, take its apparent diameter, if it can 
be done. By this means you may form a judgment 
of the diſtance of it at different times; and parti- 
cularly, you'll know from its greateſt and leaſt dia- 
meters, when it is neareſt t6, ar fartheſt from the 
earth. D "Boe e , 
3. Obſerve alſo its degree of motion, and its 
brightneſs, and the length of its tail. For when 
you. find it moves ſwifteſt or appears brighteſt, you 
| N 3 may. 


* 
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Fig. may judge it to be about the perihelion; tho' the 
59. tail will grow longer for a while after 1 it 18 paſt the 
perihelion. 
4. With all the diligence imaginable, te the 
Place of the comet when it has no latitude, and the 
exact time when that happens, for then it is in the 
node. But if that time cannot be had exactly, make 
ſevergl obſervations as near as you can to the time, 
both before and after. By help of which obſerva- 
tions, you may find the exact time and place by 
'E the method of interpolation, deſcribed 1 in Prop. VIE 
of the differential method, 
6. After you have obſerved the place of the co- 
met among the fixt ſtars, you mult calculate its 
longitude and latitude, at that time. And the ſame 
muſt be done for all the obſervations. Then all the 
latitudes and longitudes, muſt be ſet down re; 
larly in a table, with the times of their happening | 
reduced to mean tine. 
6. The place of a comet among the fixt ſtars 
may eaſily be found at any time by extending a 
thread thro' the comet and ſome two known ſtars ; 
which fall in a right line with it; and then extend- 
ing another thread croſs of the firſt thro? two other 
ſtars running in a line. For the point of interſec- 
tion of the threads, being the place of the comet, 
becomes known, and the longitude and latitude 
thereof is eaſily found. 
\ Theſe things being laid down, we muſt proceed 
to the calculation. It is evident both by obſerva- 
tions, and the laws of centripetal force, that the 
Planets, and alſo the comets, deſcribe areas propor- 
tional to the times in their reſpective orbits. 5 
7. Therefore ſuppoſe NAC to be the parabolic 
orbit of a comet, PD its axis, S the focus where 
the fun is, and P the perihelion. And let A, B, 
C, be three obſerved places of the comet in its 


Hrbit, taken at a g00d diſtance from one ele 
et 
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Let RGI be the earth's orbit and let the earth be Fig. 
at G, H, and I, when the comet is at A, B, and C. 59- 
Put V = —= time between the - firſt and frond obſer- 
vation A and B, and W the time between the ſe- 
cond and third B and C. From the focus S, draw SA, 
SB, SC. And from A, B, C, let fall the per 
pendiculars Aa, Bb, Cc, upon the plane of the eclip- 
tic; and cbaN is the projection of the orbit CBAN, 
upon the ecliptic. Let: 1 = mean diſtance of the 
earth from the ſun, d = parameter of the earth's 
| orbit, 1 = latus rectum of the parabola CAN, or 
SPE UA = os, SB = 0 = 2. S and t 7 
= the areas deſcribed by the earth in the times V 
and W, which are known. | 
8. Then (by Cor. 2. Prop. XVI. centrip. Gore) 
it will be, =” | 


v4 : Vt: & : 6/5 = = area. deſeribed by the co⸗ 
= . met in the time V. And 
Vd: of 1 : l.: * = area deſcribed by the co- 

| met in the time W. 


r + 2x 
But the area ASP. = — . * * + TS 
and als BSP e N —_ 
and area CSP. = 7 5/4 fs —x : f 
Whence (1) the area BSA = 
r ＋ 2 Dry 28 | 54 
2 VII = w/ iT 


(2) area CSB'= = 
* — 22 


＋ 2 


wi | 2 (Ger. 
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Fig. 
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(See my book of Huxions, Ex. 8. Prob. X. Sect. 
II. for theſe areas). Ty 


Again, in any parabola PABC (fig. 61.0) if an 
ordinate CD be drawn to the axis PD, thro' any of 


the points as C, and CS be drawn to the focus 8. 

Then (Cor. 2. Pr. I. B. III. Conic Sections) DS + 

28P = CS, or DS = CS — zr. But by trigono- 
| ES 


- metry CS: rad (1): : PS: gg or = coſ. 


CSD. Thus we ſhall have cof. ASD = 1 


NM -P | 2 RE r , a 
— or — — I, cof. BSD = 1x — —» coſ. CSD = 1 
RE 
my OS? . 
22 F 


9. Then to find the place of the node, and the 


inclination of the orbit, near the truth. Take the 


And transferring them to a ſeparate figure (as fig. 


two obſervations neareſt the node, as A and B. 


6o.) let han be the ecliptic, BAN the comet's or- 


— 


bit. Draw the great circle A. Then in the right 


angled ſpherical triangle aA, right angled at a, 
we have ba, the difference of longitude of B and 


A, and A the latitude at A; to find the ſide 5A, 


X, , 2, the two equations in Art. 8. would find 
N the 


and angles ab A and Aa. Whence the angle BSA 


is known, Bba being a right angle. Then in the 


ſpherical triangle 25A, we have the ſides YB, the 


latitude at B, and 5A lately found, and angle BDA; 
to find the angle BAS. Then AB + þAa taken 


from 180 degrees, leaves aAN. Therefore in the 


right angled triangle AaN, _— the angle aAN, 
e at A; to find 
aN, the diſtance of the node from a; and the an- 


now found; and aA the latitu 


gle ANa the inclination of the orbit. Theſe are 
nas enough the truth, to begin the computation 
_ - CE | 

10. Now if we had any two of the quantities r, 
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the reſt; and the earth being at G when the comet Fig. 
is at A; draw Sa, and draw af perp. to SN, alſe 59. 
draw Af. Furſt then, from the quick or ſlow mo- 
tion of the planet at P, you muſt judge of the pe. 
rihetion diſtance SP, and alſo of its diſtance from 
the node. Therefore ſuppoſe SP, SA, and the an- 


gle PSN to be given. Then we have Z. — 1 the 


= ä 3 14 
coſine of the angle ASP, therefore that angle is 5 
given, to which add the angle PSN, and then the Wil 
angle ASN is known. Therefote in the plain tri- * 
angle ASF right angled at /, we have the angle || 
ASf, and fide AS; to find Af, and Sf. Then in 
the triangle Aaf, right angled at a, we have Af 
now found; and angle Afa, the inclination of the 
orbit; to find Aa, and ef. Again in the right angled 
triangle Sfa, there are given Sf, .fa ; to find Sa, 
and angle fSa, and its ſupplement RSa will be 
known. But having the place of the earth in its 
orbit at G, we have the angle RSG to whieh add 
RSa, and we have the ſum GSa. Therefore in 
the triangle GSa, we have GS the earth's diſtance 
from the ſun, Sa found before, and the angle GSa; 
to find Ga, and angle SGa, the longitude of the 
comet from the ſun at the firſt obſervation. Laſt- 
ly, in the right angled triangle GaA, we have Ga 
and Aa, to find the angle AGa, the latitude of 
the comet at the firſt obſervation. If theſe agree 
with the obſerved longitude and latitude, it is very 
well; if not, we muſt begin the computation a- 
new, W ſome other values for r, x, and 
angle PSN; which we muſt do by conſidering whe- 
ther they muſt be bigger or leſſer, to cauſe the 
alterations required. SS 
11. To proceed then, having aſſumed nearer va- 
lues for the lines 7, x, and angle PSN; the com- 
putation muſt be repeated. But in order to eſti- 
mate the values of 7, and x; find the place of _ 
| | cart 
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Fig. earth at E, when the comet was obſerved to be in 
59. the node at N. At that time the elongation from 
the ſun, or the angle SEN is known; ſo that if we 
can judge nearly the poſition of SN, its length will 
be nearly known. Thus r, x, and angle PSN being, 
again aſſumed, the computation muſt be repeat 
zs before, thro? all the triangles, ASf, Aaf Sfa, 
GSa, and GaA ; to find Af, Sf; Aa, af; Sa, and 
laſtly Ga; and from thence the angles SGa, AGa; 
which angles muſt be compared with the obſerved 
longitude and latitude of the comet at A. When 
thus after ſeveral computations you come near the 
truth, you may find out the errors at laſt, by the 
r | 5 
12. The values of r and x being had, the value 
of y is found by the iſt equation, Art. 8. And 


then we have 1 — — the coſine of BSD, whence 


BSR is known, Then the computation muſt be 
carried on for the point B, as it was before, for 

the point A; by calculating in the triangles BSd, 

B&D, Sdb, HS, H4B;- to find Bd, Sd, Bb, bd, 
Sh, Hb, and the angles SHB the comet's longi- 

tude from the fun, and BH& the latitude ; which. 

are to agree with the obſerved longitude and lati- 

tude at B. But if they do not agree, either 4 and 
"x muſt be altered in a given ratio, or the angle 

PSN muſt be taken different; and the whole com- 

putation muſt be gone over again ſeveral times, if 
there is occaſion; till at laſt the obſerved and com- 

puted longitudes and latitudes are found to agree. 


13. Having thus got the value of 5, the value S, 
of z will be found from the ſecond equation, Art. | 
8. whence is had 1 — - the coſine of the angte MW #\ 


CSD, whence is had CSR. Then the ſame com- 
putations muſt be applied to all the triangles in the 


cet IV. NR O BLE 187 
figure Cels, as was before to thoſe in the figures Fig. 
8548 and AafS; till at laſt, you get the angles 59. 
Sle, the comet's longitude from the ſun; and clic 
the comet's latitude At ſea ; which muſt agree with 
theſe obſerved, or elſe the whole computation muſt 
be repeated, till they do agree. 7 

14. If one of the obſervations be taken when 


the comet is in the node at N; it will very much 

; facilitate the computation. For at that time, it 
] will have no latitude; and the longitude or elonga- 

1 tion from the ſun 1s the ſame as the obſerved diſ- 

EB tance from him (SEN) at that time. Alſo coſ. NS 
e SN. 
: or NSD = 1 — 7576 and ares Ns = — 
K * 7X SN — Ar, which is Foy to the time 
4 of its deſcription. 

E And moreover, if the comet bet in the perihelion 

| at another of the obſervations, the computation 
will be eaſter ſtill, Therefore try to get theſe two 
* places by Art. 3. and 4. and the times correſpond- 
d, ig. All which may be had near the matter, from 
4, ſeveral obſervations, by the method of interpolation. 
1 For let N, A, B, be the three obſerved places 
ch of the comet from the earth at G, H, I; N the 
1 node, A the perihelion. Let fall Aa, Bb perp. to 
1d the plane of the ecliptic. And compleating the 
le figures S Aaf, and SB#4, as in Art. 7. And putting 
5 SN = a SB = = SA = 7, then we ſhall have as 
m- in Art. 8. area ASN...= : To pr — 75 — 
ue S7 and area ASB = 2 + n — 5 = 
rt. 
te i % and col. AN = 9 — 1, and coſ. ASB 

48 :: 

of = 9240 rt. Aſſume the angle SNG or fide SN. 


ure e the angle SNG; and SSN being booms 
| —_ 


rr Gel 

Fig. by obfervation, and the ſide. GS z then SN, and MTs 

59. the angle GSN will be known. Then putting for the 

| | 

SN or x, its value in the equation 2X) 5 = i 

Sr = Se, and the value of þ. will be 

had from this equation. From this value of p or 

SA, compute the value of y in the equation 

V py — pp = M; then having p, x, and 

y, we ſhall have the angles ASN and ASB, by 

having their coſines. Then in the figure AgSf, 

aſſuming the inclination of the orbit Afa, you muſt 

compute all the lines Af, Sf, Aa, af, Sa, and Ha, 

as in Art. 10. And from thence the angles S Ha, 

AHa, the longitude and latitude of the comet; 

which are to be the ſame with the obſerved longi- 

tude, and latitude ; but if they are not, the incli- 

nation Afa muſt be altered till they do agree. 

Then in like manner in the figure B#S, all the 

lines Ba, Sd, Bb, bd, Sb, and Ib muſt be com- 

puted as in Art. 12. and then the angles Sl and 
BIZ, the longitude and latitude of the comet. And 

theſe muſt alſo agree with the obſervations at I, but 

if they do not, the computation muſt be perform- 

ed over again from the beginning, by altering the 

value of the angle SNG. For the values of the 

two angles SNG and Afa or Bdb, muſt be of ſuch 

determined magnitudes, that the compured longi- 

| tudes and latitudes at A and B, may be the ſame 

as the obſerved ones. And the operations muſt be 

repeated; by altering their values a little, time af. 

ter time, till at laſt they prove ſo, and then the 

orbit is known. And this is the eaſieſt way it can 

be done. But it may happen that the perihelion 1s 

not rightly taken; and then it muſt be altered a 

little, in the courſe of the computation, before all 

things will agree. It may not be amiſs at the _ 

hs 5 EE. trial, 


i 


or 


get, VL. PROBLEM S. 
trial, to ſuppoſe the comet's orbit perpendicular to Fig. 


the ecliptic z for then the error will 


to appear, and is ſoon corrected. 


Cor. 1. If P be the peribelion, 8 the ſun in the 
focus, p = SP the peribelion diſtance, B any place of 


— 


the comet, its diſtance SB = y, and PSD the axis of 


the parabola. Then the cofine of the angle BSD = 1 — 
75 or the coſ. PSB = 7 — I, 


* 
1 


For (by Art. 8.) col. BID = — 1 = 1 = 


Cor. 2. The area PSB = 2 
For that area . PV ry — 4 rr (by Art. 8.) 
. nn. 

=" 07, = "TR 
Cor. 3. Hence more comets will be een * the be- 


|  miſphere next the ſun than in the oppoſite one. | 


* 


For a comet cannot be ſeen till it be ſtrongly il- 
luminated by the ſun, and therefore muſt be with- 
in a certain diſtance of him. And if a ſpherical 
ſurface be deſcribed at that diſtance about the ſun, 
and if it be cut by a plane paſſing thro? the earth; 


that ſegment of it, in which the ſun is, will be 


greater than the other; and therefore more comets 
will be ſeen in it. Alſo comets will be ſeen at a 
ou diſtance towards the ſun, where they are 
ſtrongly illuminated, than in the oppolite points, 
where they are weakly illuminated; and therefore 
more of them will be ſeen towards the ſun, 


ScHno- ' 


ſooneſt be made 39. 


E LEMENTAR T. 


Senonllnn 

The apparent way of a comet is eaſily traced uy: 
on a celeſtial Globe. For if the place of the comet 
among the fixt ſtars be obſerved every night, and 
marked on the globe; then a line drawn thro? all 
theſe places, will repreſent the path of the comet 


among the ſtars. And thus a great circle drawn 


thro' two places of the comet upon the globe, will 
nearly ſnew the way it has to go. And this circle 
being drawn till it interſects the ecliptic, will ſhew 
the place of the nodes. And the angle it makes 


with the ecliptic, will be the inclination of its orbit. 


If the length of the tranſverſe axis of à comet 
orbit was known, its periodic time would be known, 
and then the times of their return might be pte- 
dicted. But as they are a long time in making 
their periods, ſome of them being ſeveral hundred 
years in revolving; and as we have no obſervations 
of former ages above 200 years, that can be de- 
pended on, it happens, that the return of above 
one or two of them cannot be predicted with any 
certainty. Therefore the finding out their ſeveral 
periods muſt be the work of future ages. 

Here follows a table of the principal "comets 


that have been hitherto duly obſerved. 


a 


A TABLE 


—ͤ—ũ——ö 2 


— 


. —— Ir eo oe een ene = 


dab 


RY 
Bs, 


| 


ELEMENTARY 


8 S 
A TABLE 
— — D— 
| Yearof | Aſcending | Inclination | Place of che 
Appea- Node. of the Orbit.] Perihelion. | 
rance. © C1 . 
any Fe 11 0718 2 01470 0 
11472 | 281 46 20 5 20 of 45 33 30 
PPP i 21902139 © 
eean |: $0 a7 nr o 
r 6 y01 279 $6.2 of 
1577 | 25 52 Ol 74 32 451129 22 o 
| 2580 | 18 57 20] 64 40 109 5 5 
11585 3 / 4: 0 Cs. $0. 0 
{ 1590 165 30 40 29 40 40216 54 30 
93 64 14 ict 76 196 of 
11596 |312 12 30 55 12 of228 16 ol 
10099 1 0 . t6 oo 
1 16138 | 76 1 of37 34 o 2 14 „ 
| 1652 | 88 10 079 20 o] 28 18 40 
| 1661 | 82 30 3032. 35 coils 58 1% 
{| 1664 | 81 14 of21 18 30 130 41 20 
1 1665 228 2 76 5 71 54 30 
11672 | 297 30 3083 22 10 46 59 30 
167% 1236 49 10199 2 151137 e 5 
1 10680 272 2 50 56 of 262 39 30 
1682 | 151 16 3017 56 302 52 45| 
| 1683 173 23 83 1 of 85 29 30 
1684 | 268 15 65 48 40| 238 52 of 
1680 | 359 34 4031 21 40| 77 © 30 
1698 | 267 44 15] 127 46. of 270 £1 1; 
1699 141 45 3569 20 of 212 31 6 
„ i ris $0 of i938 ar 3 
1706" | 13 11t go] gs 14 10] 72 ag 10 
170% ] 52 46 3588 36 o 79 54 56 
1718 128 43 of 30 20 0121 wo 0 
1723 14 16 49 59 of 42 52 20 
1729 310 32 3776 58 4 322 40 © 
1737 225 22 18 20 45325 55 © 
2 27 25 14|55 42 44102 38 40 
1742 185 38. 2955 $59 1217 35 134 
1743 | 78 21 15] 2 19 33] 92 41 45 
1744 | 45 40 13147 5. 381197 10 © 
1747 1377 1 im & 9014277 2: .0 
1245 "4.232 68 Ic ib ein s £0 
In this Table the iſt column contains the Years of appear- 1 
ing. The 2d, the longitude of the aſcending node, reckoned in 8 
the comet's orbit. The 3d, the inclination of the orbit, to the be 
plane of the ecliptic. The 4th, the place of the perihelion in m 


the comet's orbit. The 5 th, is the perihelion diſtance, — 


bear- 
ed in 
o the 
on in 
oſing 

the 


Set. I). PROBLEM S. 


Of Comers. 
Perihel. Log. Perihelion] Mean time of 
Diſtance.] Diſtance: the Perthelion. Motion. | 
| 8 C | 
40606 | —1.609236 [une 2 6 25|Retrograde 
64273 | —1:7345384 [Feb. 28 22 23|Retrogr. 
56700 | —1.753583 [Aug. 24 21 18 Retrogr. 
50910] —1.706803z [Oct. 19 22 12 Direct 
46390 — 1.666424 [Apr. 21 20 zZ Direct 
118342 | —1.263447 [Oct. 26 18 45 Retrogr. 
59628 | —1.775450. [Nov. 28 15 Direct 
1.09358 0.033850 Pept. 27 19 20 Direct 
| .57661 | —1.760882 Jan. 29 3 45 Retrogr. 
.o8911 | —2.94994go [July 8 13 39 Direct 
512 —1.710058 [July 31 19 55] Ketrogr. 
8685 1.768490 [Oct. 16 f 1 — 
| -37975 | —1-579498 JOR. 29 12 23 Pirect 
84750 | —1.928140 [Nov. 2 15 40 Direct 
44881 | —1.651772 [lan- 16 23 410 Direcct 
1.02575 0.011044 [Nov. 24 11 52|Retrogr. 
10649] —1.027 309 [Apr. 14 5 15 Retrogr. 
69730] —1.843476 [Feb. 20 8 37 Direct 
. 28059 ] — 1.448072 [Apr. 26 o 37 Retrogr. 
0612 — 3.787106 Dec. 8 o Direct 
| .58328 | — 1.765877 Sept. 4 7 39|Retrogr. 
«56020 | — 1.748343 jJuly. 3 2 gofRetrogr. 
960151 1982339 May 29 10 16 Direct 
32500 | — 1.511883 Sept. 6 14 33 Direct 
69129 — 1.839660 [Oct. 8 16 57 Retrogr. 
74400 | — 1.871570 lan. 3 8 23 Retrogr. 
64590] — 1.810166 [Mar. 2 14 13/Direccre 
42581] — 1.629218 Jan. 19 4 23 Direct 
«85974 | — 1.934368 [Nov. 30 23 zo Direct : 
1.02654 | o.011380 [llan. 3 23 39|Retrogr.. | 
14 99865 | —1.999414. [Sept. 16 16 11 Rerrogr. | 
4.2614 0.629552 [une 14 10 57 Direct 
*,22282 | — 1.347960 [Jan. 19 8 21 Direct 
67358 | — 1.828388 [June 6 10 olRetrogr. 
26568 | — 1.884049 [an. 28 4 39 Retrogr. 
83501 1.921690 [Dec. 30 20 26 Direct ; 
4 +22249 | —1.347325 [Feb. 1 8 g[Diret 
2.1985 0. 342128 Feb. 20 7 Nene. 
„84067 — 1.924624 r 17 19 26|Retrogr. 


the mean ee of the earth to be 1. The 6th, the lo- 


garithm of the perihelion diſtance. The 7th, the mean time, 
at London, of the comets being in the perihelion. The 8th, the 


I 


motion of the comet, whether direct or retrograde. ; 
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Fig. 


SECT. V. 


The Theory of the 8 Planets and 
3 De Calculation of their 
Places The Equation of Time. The 
Times when the Planets are ftationa- 
ry ; when they tranſit the Sus; when 
in Conjunction. Their N wantities of 
Matter, Diameters, Denfities, Fi- 
gures, Weight on their Surfaces ; 
and their Actions 5 pers one auer 


* * „* 
— 
"i 


AVING in the laſt Sect. determined the or- 
bits of the planets, and all tmange relatin 
thereto, v1z. their periodic times, the — 
axis and excentricity of their orbits, the inclinations 
of their orbits, the places of the node and aphe- 
lion, and the time of paſſing thro' the aphelion. 


In what follows, we muſt ſuppoſe all theſe things 


known, which are the neceſſary data to proceed up- 
on, in calculating the places of the planets in their 
ſeveral orbits, for any given time. And in order to 
lay down proper rules for this purpoſe, we muſt 
have recourſe to the laws of Centripetal Force, be- 
fore laid down, on which all their motions depend. 
Now it is evident from the moſt accurate obſerva- 
tions, 1. That all the planets, amongſt which is 


the earth, move in elliptic orbits about the ſun, 


- Pl-ced in the focus thereof. 2. That each planet in 


its own orbit, deſcribes areas about the ſun, propor- 
tional to the times of ee included be- 


— : . | | 
1 5 5 « $9 4 5 a 5 e 
71 3 5 $8 Su | 
| | | : 8 * 
| 5 N. 
| | : | |; » ” be. 
\ 2 
44 | 
bs | | - 4 4 . uw _ - 
11 4 * 2 — "_ T: 7 5 : | | 
* 4 
| ; oy 4 5 * 
. y v7.08 8 | 
% 4 | 
| 4 
* : 
0 
— 
- 
WM | 
* —_— | 
<4 4 l ; | | | 
% 1 * 
* 4 
* : | | 
; 5 
.* 
+ 1) 4 | 
* 
| k 
* : | 
* 
' 
* 
A 
, 
| * 
* 
* 
< - Ws] | | 
: : „ An | 
2 | | 
a | | 
| | j . 
« | : 
| [2 | 
be | 
o » . | 
» 
f Y | 
| | 8 | * 
3 * * « — . | / 
* * * * 2 : | | 
: * 2 . / 8 
* ** | | | 
. * | 
| N .* a 
| * 
4 * & — % ; | 
*C 1 | 
* * 5 i : 
: Ps | | 
. * | | 
© 46. $ 
— T * % 
T \ 4%“ . 
. 
. s 9 . „%% h . 
. % | 
00409000) * 0 k H 
4 ö 2 
— 43 S S "Dd 
1 : . 7 N 
” | | 
< ; | 
$1 | 
7 
o 
; f | 
| . 
] % 
3 8 | 
7 
| 2 
. . | 
| . 
| 7 
| 2 
7 
* : | 
. 
* 
| \ 
/ | 
j b 
* 
0 . — : — 2 — 
- 
h * 
© . a | 
. 
5 + 
4 . 
: 8 
| | —_—_ 
* \ | 
* 
1 
; . 
j 
| 1 
oy 
* 
4 
* 
4 \ 
on) 
, 
0 
5 
6 
4 © 
8 
* | 
- 
* 
: 
P 
| (es } 
« 
h — 
. 


1 
"TL 

1 
wu 
1 
o 

* 


— mann 5 


- n _ * 
. — — e ̃—˖＋‚ fe ao arte een Te 
— — 8 — — — 
- 2 — =" 
— —— — 5 


dect. V. THE PRIMARY, &c. 195 
tween right lines drawn from the ſun to the planet. Fig. 
3. That in different planets, the ſquares of the pe- 
riodical times are as the cubes of the tranverſe axes 
of the orbits; or the cubes of the mean diſtances 
of the planets, from the ſun. From whence it fol- 
lows, by the laws of Centripetal Force, that their 
forces of gravitation towards the ſun, by which 
they are retained in their ſeveral orbits, are at dif- 
ferent diſtances, reciprocally as the ſquares of theſe 
diſtances. And this is the grand law by which all 
the bodies in the univerſe act upon one another. 
And therefore whatever has been demonſtrated, in 
the doctrine of centripetal forces, upon the ſuppo- 
fition of this law, muſt be taken for granted, in 
all aſtronomical theories or calculations whatever. 
"WHEFINITIONE 
0 DE FE 

The true anomaly of a planet is the angle ASN 64. 

at the ſun 8, comprehended between the aphelion 


A, and the planet at N in its orbit. Or from the 
perihelion, for a comet. 


DEF 

The mean anomaly, is an angle ASG, taken pro- 
portional to the time of the planets moving from 
the aphelion A to the place N in its orbit. An 
arch of a circle, or the area ANS of the ellipſis, 
may alſo be taken for the mean anomaly. _ 

This angle ASG increaſes uniformly with the 
time, or with the area ANS. And therefore the 
motion of SG round the center S, 1s called the 


mean motion. 

| DE FM 27 
| The equation is the angle NSG, or the difference 
between the true and mean anomaly. This allo 
is called the Proſthaphereſis, 1 

| O 2 DEF. 


K 


— r > 
polio re "pe, 


the ſun. 


THE PRIMARY 


1 


D E F. IV. 


Heliocentric plate, hbeliocentric blends, and bel . 


ocentric latitude of a planet, is the place of a pla- 
net, or its longitude, | and latitude, as ſeen from 


D E F. . 


Sebcentric place, geocentric e and geocen- 


trie latitude of a planet, is the place of a planet, 


85. 
EPS, or EBS reduced to the ecliptic; the angle 


or its longitude, and latitude, as it appears from 


the earth. 


: Fr "—_— 2 
If 8 be the ſun, E the earth, P the lanes. and 


PB perp. to the ecliptic. Then in the triangle 


of commutation is the angle at the ſun ESP or ESB, 


contained between the earth and the planet. The : 
angle of elongation is the angle at the earth PES or 
'BES, contained between the ſun and the planet. 


A nd the parallax of the orbit is the angle at the 


planet, -or at its place in the ecliptic, EPS or EBS, 


contained between the ſun and earth. 


Here AE is the earth's orbit, NPC the planet 8 


orbit, NB its orbit reduced to the ecliptic, HSN 
the hos of the nodes, N the ee node. 


| DEF. vll. 
The Curtate Diſtance of a planet from the fun, or 


the earth, is the line SB or EB, drawn from the 


ſun, or the earth, to the point where the perpendi- 
cular from the planet, cuts the ecliptic. This is 
the diſtance of the planet from the ſun, or the 
carth, reduced to the ecliptic. 


D E F. VIII. 


The Argument of latitude, is the angle at the ſun 


NS, between the planet and its aſcending node, 
W in the Planet a orbit, NPC. = 
DE 


AC 


re 


Seck. V. LAND H 
DE F. E ph 
The Radix, is the place of a planet at ſome re- 
markable Point. of t time, as the birth of Chriſt, &c. 


From this point, all the motions are calculated as 
from a fixt foundation. 


DET 


Apparent or ſolar time, is the time as it is ſhewn- 


by the ſun, and mers, ſometimes ny and 
ſometimes flower. 


D E F. KI. 


Mean or aſtronomical time, is the time that goes 
uniformly and equably forward, without any acce- 
leration or retardation. This is called True Time. 


DER 


The Equation of time, is the difference between: 
the mean and the apparent time, 


DEF. 8 
Aſtronomical day or year, is that uſed by aſtrono- 
mers. The day begins at the noon of the preced- 
ing day, and ends at the noon of the following 
day; and. the hours are "reckoned from 1 to 24. 
And the year begins and ends on the laſt day of 
December at noon. Aſtronomical time is 12 hours 
before the vulgar time. And theſe beginnings will 
be different, in different places, — to the 
difference of longitude. | 


FR ONE "a 


Having given either the true anomaly, or the diſ- 66; 
| tance of à planet from the ſun; to find the other, 
and the time it will be there, as alſo the mean anomaly. 


1 Way. 
The periodical time, and the orbit of the * , 
net, are ſuppoſed to be known, as as alſo. the; time of 
. | its, 
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1 PRIMARY 


Fig its being i in the perihehon. Let PNAB be the or- 
66. bit, S the ſun, C the center, P the perihelion, A 


the aphelion; and put ſemitranſverſe CP = a, ſe- 


miconjugate CB = c, ExCentricity OS n, the 


diſtance of the planet SN = y, its periodic time = 


t, coſ. angle PSN = z. Then (Cor. 3. Prop. | 


LXXII. B. I. Conic Sections) we have SN or y = 
_ . ory = -— 
DLC ST 
Prob. X. Sect. II. Fluxions) we have the area PSN 
017483 "a 


== * — 7 — cc + . — yy, Where 0 


— . But 


(Prop. XI. Centripetal Forces) the ared is as the 
time; and the area of the whole ellipſis is = 
2 14164 = = 180ca X . 017453 then it will be, as 
whole area : :: area PSN: time from the perihe- 


Kon = —— 


2X4180caXx 017 5 "pi I 1416 
or the time of 8 SPN = 


A coo 20y — — 
24 X 3.1416 


6 


and radius 7. Therefore if y be given, the 


laſt equation gives the time when the planet arrives 


at N; and fincey = —< 
N and fincey = 3 therefore ay + 219 


| cc — 2 
cc, and 2 = 


anomaly be given, we 

| riving at 7. 

And if half*the periodic time be added wo, b. 
— | u 8 


ave y, and the time of ar- 


And (by E 
— (by Ex. 7. 


01745 cat Ax. — cc + 209 —y 


putting D . of o) for 
the number of degrees in the arch whoſe fine i is 


2; therefore the angle PSN, 


AY 
or the true anomaly 1s yo Or if 2 or the true 


ged. v. PLANE T S. „ 


. Þ ſubtracted from, this time; we ſhall have thet time $ + 
of its moving from the aphelion. 


Again, for the mean anomaly, as the Abels area, 


7 
— INIETER — Coins — HS F 
— — ate IP ne 1 — _ tro £4 [ 2 —— 58 Fon 
r - : > . ES x — 5 
— — —— — * bs 2 r s 5 — 
— — — <1 — EN . — —„ͤ — 
— — ... ¾˙³⁊I! T8 2 
— 6 — 


30 degrees; fo any part of the area PSN, to 
the mean _— That is, 3.1416ca 360 
4 _ «01745369 £ 0174530 i 
| =" * =v/ cc + 2ay - —_— Fs 2X 3.1410 X. [i 
2 360 _ — cc + 2a) —y lj 
5] g60 — 2 X 3.14163 _ 10 
— ö 
4 ER EY 017458 _ 180. * 01745. 
. N 
t = 3-1416 => © — 2 _ —MW cc + 24) — . I 
Therefore the mean \ ava „ 
| , oa || 
$ D — 4 — 4 „reckoning from. li 
3 Lal: | | in 
dhe perihelion. | if 
. 3 3 n+ 24 | 
= Cor. 1. The coſine of D Spry 
| 4 | EE- ö 
13 2 — | ee, | 
For Col D == = —=== = 
} 89 + 240 , mn + Zan —_»+20_ 
. nu N 4 T Z nXa ＋ 21 — a+ 25 
5 Cor. 2. D is tube number of degrees in the arch. 
9 245 — | 
$ whoſe 6 15 — 5 — 
y r Wh pes 
For that fine is / 1 —£ 2 = 
E : ; nl f 
— + 22 2 22 cc + 209 —Y 
a Vn . 
1 Cor. 3.: If the planet in aw from the peridels= 
* en, be 125 the aphelion ; then the equation before 


- | Oa4 55 given, 


* 
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Fig. given, ſhews the time in which it will come to the pe- 3 
. ribelion again. ate | 9, = 
For the angles, and diſtances, are alike on both 62 

ſides the axis AP; and therefore the time is the ſu 


fame. That is, the time in P is the ſame as in PN. 
Cor. 4. Hence a table may eaſily be made for finding 


the time when a planet will be in any place of its orbit. m 
Take the angle-PSN ſucceſſively equal to 1, 2, hi 
3, 4, &c. degrees, to 180; then its coſine 2 is d. 
had, and from thence y, and laſtly the time when de 
it will be at the diſtance y. The table being thus 
conſtructed to 180 degrees, will ſnew the time and 2 


the diſtance for any given true anomaly; and this 
by a direct method. And vice verſa, having the 
time given, you may by the ſame table find the 


diſtance, and the true anomaly, correſponding there- li 
to in their ſeveral columns; taking a proportional ſe 
part as there is occaſion. | . d 
But if you would rather chuſe to have a table 5 
where the time increaſes uniformly, you may eaſily 5 
dtransform the preſent table, into ſuch a one, by find- 7 
- ing the angle PSN, and diſtance SN, from the 
time in this table; which is eaſily done by taking y 
parts proportional. And thus a table may be com- ” 
poſed, where any one of the quantities may be made 
to increaſe uniformly. ps = 
| Example. | | 4 
Suppoſe PNA be the-earth's orbit, and the ſun's 
true anomaly ASN = 60?, and PSN = 1202; here . 
4 = 1, c = .99857, # . 01691, z = — >, then / 
y = 1.00824, and - 2 = — 48725 = Col, : 
119.16, and D = 119.16, and 388 = 331, and 5 


V— cc + 2ay — yy | | 
Taq, = W235. therefore 


331 


ir = Yo ow 2 


degrees in the arch (AQ) 4 fine i is 2 2 (= 2 7 5 


Alſo the area of the ſemicircle AQF = 


Sekt. V. PLANETS. 


e331 — 0235 X f or 32866 X 2658 6 97 14 Fig 


= 120 59/ 41” from the perihelion; or it wants 


62 14 4' 56" of the aphelion. But in 1767, the 
ſun is in the aphelion June 304 10* 30 36 


ſubtract it from 60 is. 4 56 


=z 


gives April 30 20 25 40 the 
mean time required. But it 1s better to have the 
hours, minutes, ſeconds of time in decimals of 


days; and the minutes and ſeconds of degrees, in 


decimals of degrees. 
Alſo the mean anomaly is D — 57: 2g 5: X 01477 
= 119. 16 —.84 = 118. 32 = 4.85 195 


2 Way. 


Suppoſe the time to be reckoned from the aphe- 67. 
lion A. About the. tranſverſe AP, deſcribe the 
ſemicircle AQ, and thro? the planet's place at N, 


draw QNH perp. to AP. Put CA = a, CB = 


c, CS = n, SN = y, ſine of the true anomaly 
S. ASN = 5s, coſ. ASN = x, # = periodic time. 
Then (Cor. 3. Prop. LXXII. B. 1 Conic Sections) 


„ And Rad (1): S.HSN (:: SN (9) : 
M gy And (Prop. pom: ib.) CD (c): CA 


(%):: Nh: QH = La number of 


to the radius 1; then AQ= a Xx .01745 1 But 
AQS = + AQXAC ＋ A CS x QHj= 43 « X 
as) .017453aad nag 


. X © = "7a 


th 141644 . 
2 > 
and of the whole circle, 3. 1416424; and of the 


an AQPB, 3. 1416. But 4: c: : circle: el- 
=— 
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© lipfs : : AQS: ANS e . Ana 


— — ny 926 


ellipfis (3. 1416ea) ANS 2 


SR 
: time cf deſerbing ANS = 2 * 8 
195 TIO: 1 57 | 

2 & 3.1416ca 3650 © 2aX 3.1416 * | 


Therefore having given any angle ASN for the 
true anomaly; z and s will be known, and conſe. 
quently y, and from thence d; and therefore the 
time of deſcribing ANS will be found. 


And for the mean anomaly ; as the area. of the 


ellipſis, to the area of ANS; ſo 360 degrees, to 


the mean anomaly. That is, 3. 141 6c —.— 
| 2. ed n ny 
* a X 3.1410 „ 2ca X 3.1416 


x —4 Therefore the mean anomaly is = d ** 
27: 29578 x * 2 degrees. 


„ 
— 2 
cc Sc 


a — 2 4a — 22 


Cor. 1. The fine of 4 is 5 


4 
For it is 5 = = —IX 


Cor. *. K. he mean anomaly i is = degrees in the arch 


0 


| AQ — 20. or AL, making QL = — 5 Wi 


Example. 


"I the earth's orbit, we have @ 1, 1 = 01691, 
6 998 37, and let che true anomaly ASN = 60* 3 
then 5s = Vr 2 = +, whence y = 1. 0082, and 


a 
1 8 873245 whence 4 60.84. Then 360 3660 


L I 690, | 


* * 
8 VS SLOTS ard” at mn my 
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1 3 „ 
1690, and * ? — — = 002353 and Ps 
1690 + .00235 = .17135, and ,19135 Xt = 
17135 X 305* © 9®* 14˙ =.17135 X 365.256 = 
62. 5865 =62* 24 4 49% Which happens on Sept. 
11 of 35 23t; 1765. | 
And for the mean anomaly z # = 60.84, and 
2s 91297 4 1 | 
7 —＋ =.84 84 * 846 = 61.686 
— 61 my 1 ; 
7 the uſe of theſe rules, it will be beft to work 
by logarithms; for many of the quantities remain 
conſtantly the ſame, in the ſame orbit, and create 
little trouble. 


Ig 8 


By either of che foregoing rules, the mean ano- 
maly is found directly from the true anomaly, ac- 
curately true. But the true cannot be · found from 
the mean anomaly, for there is nothing given to 
find it by; nor any method, but by gueſſing, and 

the methods of approximating; and therefore it is 
unnatural to ſeek the true from the mean. Hence, 
tables of the mean anomaly ought firſt to be calcu- 
lated from the true; and theſe tables may after» 
wards be put into a different form, if any bo- 
dy thinks proper to do it. 

But if any one ſhould chink fit to calculate the 
true from the mean anomaly being given; it is evi- 
dent that he muſt ſtill work the ſame way as if the 

, true was given. For he mult aſſume the true ano 
maly by ſuppoſition, as near as he can, and from 
thence calculate the mean, by the rule as it lies 
before him. And if it does not anſwer to that 

given; he muſt try again, by making a nearer ſup- 
poſition. And at luit by W of the crrors, he will 
find the true one lought. 


* 


1. 


A. 


, = _- Ts PROP. 


THE PRIMARY 


P RO P. II. 


IF N be the place of a planet in its orbit, S the 
ſun in the focus; then the planet's angular motion 4 
bout 'the other focus F: is tau, mean motion : : as: 
the refiangle ACE. of the ſemiaxes : is to the rec 
tangle FNS of its di * from the 2 


About the focus E, = the radius CA, deſcribe | 
the ſemicircle VEI. Let Nu be a very ſmall part. 


of the orbit, and thro' N, #; draw FNO, Fn; 

and from u let fall perpendiculars upon F N, SN, 
which will be equal to one another, becauſe the 
angles ONs and SN are equal (by Prop. X. B. I. 
Conic Sections); call this perpendicular, x. With. 
the ſame radius CA and center S, deſcribe the- 


circle EDK, and draw SN, Sz, cutting the circle 


in D, and d. Let VM be the mean anomaly when 


the planet 3 is at N; and Vn, when it is at =. For 
the mean motion may be reckoned about any cen- 


ter E. , or S. 
Let AC %, CE=;,TFS SN =5; EN 


= v. Then if Nu repreſent — velocity of the 


planet in its orbit, Oo will be its velocity reduced 
to the circle VE], or its angular motion about F; 

and Da its angular motion about S; and Mm its 
mean motion about F. Alſo let arch VM = M, 


VO S F, KD 8, p = 3.1416; ie pe VEL - 


| = = arca of the pn AEP, and 2 T8 . 
area NSzy. 


Since the 1 mean motion is as the area deſcribed. 


in the fame time; we ſhall'have — (area AEP): 


21 (area NS): : pa * MI) : Mm. = 2 M. And 


ho ſimilar ſectors, y (SM) : x : (SD): Dd = 
: | 5 


3 For then M = 2 F = F. 


0 
3 


wav. Þ LANE #27 4 
2 = 8. And v (FN) : # : : a (FO): Oo 65 


F = . 2 7 - F. But ** velocities are as the fluxions 
of the ſpace whence F (Oc): * (Mm) : : ca: vy. 


Cor. 1. Tbe angular nl round F is equal to the 


nean motion, where the retangle SNF is equal to the 


rectangle ACE. And . oy is 5 iy me hae . 
duo between F and pi 


* 


Cor: 2. From the aphelion, where ca is greater 
than vy, the motion round F is greater than the mean 


notion and when vy = ca, they become equal ; 4. 


terwards when vy is greater than ca, the motion round 


F is flower than the mean motion; and the angles (F 


and M) draw towards an equality, then M leads till 


they meet again at P. 


For the motion of FM Gan A is flower than 


that of FO. And it loſes ground, till ſuch time as 


2) = ca, when their motions are equal; after- 
wards FM moves faſter than FO, and comes nearer 


and nearer to it, till they coincide, where FM takes 
the lead. „ 


Cor. 3. Univerſally, „ the- angular net . S and 


at F k and the mean motion 5 are 4s 9 


4 
SN KF 1 


= E the "> bn in any place as N. 
Fa 
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el. For 8, b and Mare 5 S a, or as 


| ==, £ and 2. But 9 is a given pou of the 
area, therefore we have 8, F and M, as 85 =, 
. | 


and =; that is as Z, 1 >... 
ca 9 Up: <4 ca 


er. 4. T he angular motion of a planet round the 
higher focus F, is greater than the mean motion, near 
the apfides A and 5 and leſs:than the mean motion at 
and about E the mean diſtance; and is the ſame at 
equal diſtances from the apſes A. and P. : | 
For near A and P, the rectangle vy is leſſer than 
ca, and near E it is greater than ca; and is equal 


to it when SN or y = a+ V And fince 
the rectangle vy or SNF is the ſame at . diſtances 
from E, or from A and P; therefore in two ſuch 
Places the angular velocities round F, are equal, 


Cor. 5. The motion of the plonet about the ſun «t 
S 5s equal to the mean motion, when SN ACX CE. - 


For M == S, and when * S ca, M = S : 
='S. 85 . 
Cor. 6. The motion round F is | equal to the mote 


round S, when MG NF. 


* 


For S F: 7 7 * 25D: 93 therefor 


when PSF, S F. 


E ns 


| "Ru 3 AEP B to be ſuch an orbit, this C be- 
Ning the center, F the higher focus, S the focus 
| where the ſun is, AC = * 10 BC = = 8, CF => 


«eV. N 207 
half the latus rectum LF = 6.4, AF = 4, PF = Fig. 
16. Then Vaa — ca = /20 = 4.472135, and 69. 
y = 14-472 or 5.528, when ca = vy. Therefore 
if you make SG and SH = 5.528, and SI and SK 
— 14.472. The points G, I, K, and H will be- 
the four points of the orbit, where the motion of 
the planet round F, will be equal to the mean mo- 
tion. And in theſe points, are the greateſt equa- 
tion, of the angle F. In the arches Al, AK, FG, 
PH, the motion about F 1s greater than the mean 
motion, and the greater, the nearer A or P. Be- 
tween I and G, and H and K, the motion about F 
is leſs than the mean motion, and the leſs, the nearer 
to E and B. But the equations at I and K are 
greater than the equations at G and H. For the 
planet ſtays longer in the arches Al, and KA, than 
in the arches GP and PH; and therefore the angle 
F gains more in the former than in the latter. And 
that gain is the equation, for they are together at 
A and P. They are alſo together at ſome place 
between E and G, and alſo between H and B. For 
F having a greater equation to loſe in paſling thro? 
IG, than it has 1n paſling thro' HK, the planet will 
be paſſed E before it be loſt. And likewiſe the 
equation H will be loſt before the planet arrives at 
B. Hence, the mean motion and angle F, are to- 
gether at A; in paſſing thro* Al the mean motion 
is left behind; in paſſing thro* IG, the mean mo- 
tion goes paſt F; and F advancing from G to 
P, overtakes the mean motion again at P. In like 
manner, thro' PH, the mean motion is behind F; 
but overtakes it near B, and goes paſt it; and at 
laſt F overtakes the mean motion again, at A. 
If you make SD and SQ = Vac N = 
8.944, then the planet's motion at the points D and 
Q, about the focus S, will be equal to the mean 
motion. Laſtly, at the points E and B, the motions 
round S and F are equal, 
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Senoiivm; 
From the irregular increaſing and decreaſing of 


the angle F, in the courſe of the planet's motion; 
it cannot be a proper medium for finding out the 


mean anomaly. For before this can be done, a cer- 


tain equation muſt be found out to adjuſt i it by, 
But it is far more difficult to find out this equa- 


tion for F, than to find out the equation of the or- 


bit, or that for the angle FSN, or the true ano- 
maly ; and therefore I ſet this angle aſide as uſeleſs 
for that purpoſe. . Indeed, when the orbits are not 


very excentric, it will not vary a great deal; but 


this is by meer chance; for that variation cannot 
be computed without a great deal of labour, which 


is a certain ſign, that it has no relation to either the 


mean or true anomaly. And the correction given 


by Bullialdus only mends it in ſome places; but 


in others, makes it worſe; and cvelpre does not 


anſwer the purpoſe. 


PROP. III. 


If AEP be the orbit of a planet, AOP. ih circum- 
ſcribing circle; N the place of the planet, QNH per- 


pendicular to "the tranfoerſe AP. And if QC be 


drawn to the center, and NF, NS to the foci; then 


will CF: SN — CA:: radius coſ. ACQ, called 
the excentric anomaly. 


| Let CA Sa, CF = . 1, . chr cH = = 
Then (by Cor. 1. Prop. V. B. I. Conic Sec- 


980 CF x CH = *CA Xx SN — CA, that is ” * 


CHS AX Y-. But in the triangle QCH, rad 
(r): QC (a): S. CQ or col. f nn: 


ax 


UN 


ax 8 
55 Whence 1X 7 — = B&H = _ r 


oF] 


Sd. V. F L. A, N R T 


ax 


£ 


25 - 4, or ur = 1 * „ Therefore 1: * 


71225 — 4 *. 


Cor. 1. Y er SN = -CA * s * coſe ck. ra- 
ius being 1. 


ec bebe. 
— AC X SN — CE _ * 


has $44 CH = + 1 7 8 
* — * + 2 == —.— = 
ay — Ce . 

NOF. IV. 


7 be apbelion biftanice AS: ſemiconjugate ck: tan. 70. 
x the excentric anomaly A: tan. + the true anoma- 
AS X 


Let SA = d, the - =71, the reſt as belive. 
Then from the laſt Prop. we have y = ＋ nx, 
. SH = ＋ ax. Produce SP. till SO = = SN, and 
draw ON, then the angle HON = + HSN. And 
lince x S coſine of QCH, therefore (by Schol. 


2 3 : 

| Prop. II. B. I. Trigonometry) = = tan. 
_ 00H, And in the triangle NOH, "on : rad : 
105 tan. NOH. But OH = 2 +. $5» + 
* 
5 + # + ar = 4 + de, and NH = ＋ QH = 
” a f = e ee V 4 
nd 


4 Therefore ax + 3 Tr 1: WE tan, NOH 
>: P 1 — 


r i e l 


— _ 


76. 


dx =. r 
NU. 20k. Whence d: c: : this ens 
tan. No or :NSH.. 


Cor. 1. As 7 AS hs Dh . : VB S the 
peribelion diftance : : tan. EAEQ the exctmeris anoma- 

: tan. ASN the true anomah. 
For (by Prop. III. . 7 5 AS x SP = CF. 
And ſince d: c:: tan. CH: tan. NSH; that 
is, AS< CB: : tan. 200 H: tan. Ns. therefore 


VA F cf or VAS x SÞ + ROPE an 
dan. well : VAS: VSP. 


Cor. 2. 7 fin. true anomaly ASN: fine excetiri 
tnomaly ACQ : : ſemiconjugate CE: diſtance SN. th 
For rad (1): (an. 28.0 CH : d Q( 
S.QCH, and a: c:: Sh, .QCH, the 
And in the triangle SNH, S. NSN or cx 58 


a =» 


to 

c XS. 9 * 

1 S. Q CH:: rad (1): SN = 8 N81 3 21 rt 
I S.NSH :  S.QCH : 267 SN. y to 
| Cor. 3 . As fine 0 balf the. rrue a * an; nw 
| fir ne , wif the ex 26 anomaly angay þ if 8 

Il helion 2 2 SN the Hftance of 1 — 
1 | For & = coſ. QCH,; and (by School. Prop. II. 10 
il a = ſine of zQCH. In tlie = 
MEN EE a 

triangle NHS, SN (9) : Ski ( + as): : rad (1): 40 
cer 8 F rug. ib) 4 b © 

Cine & NS = — LE 2 — | 

| — n * 15 „ 
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. PR fo L A 6 = fe — 5s 
| | — Fi w_- 29 e 70 
1 
D — * 
3 n Therefore fine 4NSH : 
| a 2 — = ; - 
root a a— 2 XK 1 — 1— * 


O a=s: . 


; PRO P. v. Pi 55. 
˖ 
Fun Ie exrentrit ee; Bs * fd the i mea 15 
; ond the true anomaly ; and | > tht diftance an, EY 
Let N be the EY 20 the eicumleritg 

9 circle. Take the excentric anombly ACOQ, any 
1 angle you pleaſe ; from that we have the arch AQ, 

the fine QH, and the area AQC, and the triangle 
Cs, and the area AQS. Then take the area of 
, the ſemicircle, to the area ASS; as 180 degrees, 
\ to'a foutth, which is the mean anomaly. or the 
J area AQS is to the ſemicircle AQP; as the area 
l ANS, is to the ſemiellipſis AN P; ; that, 1 is as 180, 

to the mean anomaly. | 
Again for the true and nomaly f we have; given Air 
5 and from thenee NH ; HC is alſo given 9 3 5 
of cofine of AQ, then we have HS; therefore n 1 the 
. right ahgled 1 angle SNH, we have the ſides SH, 
; NH; to fidd-the angle NSH or the true anomaly. 
6 And in the” fate triangle the diſtance SN will be 
2 had. And therefore the mean and true anomaly 


and the diſtance, thus found: agreeing to the ſame 


5 aſſumed excentric Sue ACQ, Will e 

Hh, with one another. 

1 

— Cor. 1. Hente, by mbtiis 7 the rede bleak, 

+ 85 gas. meun and true anomalies "Of be found as 

— P 2 Wwe 
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ſucceſſively o 


THE PRIMARY 
we plegfnr/ and the correſponding diſtances ; and put 
into a table for uſe. Or ſuch a table may be put 
into a more commodious form, if there is occaſion, 

For aſſumin ng the angle _ or the arch AQ, 
I, 2, 3, egrees ; the cor- 

reſponding anomalies and- — may be found, 
which being put into a table; then at any time, by 


finding the mean anomaly in the table, the cor- 


reſpondent true anomaly will be had; or at leaſt 
may be found by taking a mona part as is 


uſual in ſuch caſes. 


e.. Hence, the mean anomaly is « found at any 


time, by wk the ellipfis AEPB, by the line SN, 


fo that the whole area of the elli 72 be tothe arta 
ANS ; as 360 degrees, to the mean anomaly. Or by 
ſaying, as the periodical time of the 1 40 to the tine 


F its moving from the Pm? 3 ſo is 360 W to 
be mean anomaly. 34-2 


P R O 2. VI. Prob. 


| To 0 aol tables My the 700M aan the Plate 
| of rhe Planets. EDD, 


Altho the place of a Puder may be found from 
* foregoing propoſitions, by dividing the area of 


an ellipſis in proportion of the periodical time to 


the given time. Yet as this requires a great deal 
oof calculation, aſtronomers have conſtructed tables, 
by help of which a great part of this labour is 
ſaved; and the place of a Planer found with little 
trouble. 

In order to the conftruting theſe tables, the 
orbit of the planet muſt be given, and its periodi- 


kal time, and the time when it is in the aphelion; 


the place of the node, and inclination of the orbit. 
In the firſt place the radix of the motion mult 
be ſettled: Which ee ne mean motion, or mean 


1 7 
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4 anomaly. muſt be calculated by the foregoing: pro- Fig. · 
poſitions, for years,. days, hours and minutes, af- 

ter this manner. As the periodical time, to 365 

2 days ; ſo 18 360 degrees, to the planet's mean ano-— 

4 maly for a year. And as the periodic time to 1 

9 


: day; ſo 360 degrees, to the anomaly for 1 day. The 
< — 9 for 1 day being had, by Lookin addi- 
N tion of it, the anomaly. for 2, 3, 4, 5 days, to 31 

will be had. Alſo adding the anomaly for a year 
to itſelf gives the anomaly: for 2 years; and adding 

again, gives the anomaly for 3, and added again. 
ny gives that of 4 years; but becauſe every fourth 
N, year is leap year, and contains 366 days, the mo- 
eg tion of a day myſt be added to the 4th year, and 


by ſo. for every: foutth. year; till you come at 20; from 
me which will be had the motion for 40, 80, 100, 200, 
to 300 years, &c. and ſo on to thouſands, or as fan 


as you will. In all which, when the amount ex- 
ceeds 360 degrees, 360 muſt be thrown out. Theſe 
mean anomalies are to be regularly diſpoſed in ta- 
C65 bles, correſponding to the particular times. Tou 
muſt alſo have the mean anomalies correſponding 
to the beginning of every month. _ 


om In another table, to all the degrees of the mean 
of anomaly, you muſt have the degrees of the true 
to anomaly correſponding; or elſe the equations, to 
eal find the true anomaly by; and atfo the log. of the 
les, diſtance from the ſun. Inſtead of this table, you 
is may have a table of the planer's heliocentric places, 
tle with the curtate diſtances from the ſan, and the 
j planet's heliocentric latitude. „ 
the Having the inclination of the orbit, a table muſt 
di- be conſtructed to all the degrees of the argument 
n; of latitude; containing the heliocentrie latitude, 
it. and the reduction, and curtation, Theſe are cal- 
wſt culated by plain and ſpherical trigonometry. For 
25 from the inclination of the orbit, having the hy- 
zar W  pothenuſe, which is the argument of latitude, you 


1 may 


Fig. may find the perpendicular, which is the heliocen- 
© ric lire 115 ors ery 1 the diffe- 
rence between the hypothenuſe and bale is the re- 
duction. Then the planet's diftance from the ſun 


liocentric latitude; we have the * 44s oa and 


gle, to find the baſe; then. the difference between 
the hypothenuſe and baſe is the curtation. Theſe 
muſt all be calculated for every degree of the ar- 
gument of latitude, and put into a table, 
Upon theſe principles, ſeparate tables muſt be 
calculated for every planet. After the ſame man- 
ner, are tables to be calculated for the ſun or the 
earth, excepting the table for the argument of la- 


tic, has no latitude. © ©. | 
Several authors, calculating by different methods, 
make uſe of different tables; but the conſtruction 
of them, will appear eaſy enough from the nature 
of them, and from what has been delivered before. 


PROP. VIL Prob. 


. Having given the periodical. times of the planets 
tp find the tranſverſe axes. of their. orbits, or their 
proporiioual diſtauces fram the ſun. __ 


bo feyeral methods have beep laid down in 
118 Prab. XIV. Sect. IV. for performing this; yet 
I! when the periodical times are truly determined, it 
| map be dane with more eaſe, and greater certainty 
from the laws of centripetal force, Prop. XVII. 
Therefore, make as the ſquare of the periodical 


__— time of the earth, to the ſquare of the periodical 


7 ® , 


—— 
— —C—P— — — 
N — 
—— — — *. 


being given, and the angle at the ſun, or the he- 
an angle at the baſe, in a right angled plain trian- 


titude; for the fun, never deviating from the eclip- 


in time of any planet; ſo the cube of the tranſyerſe 
18 axis of the earth's orbit, to the cube of the tranſ- 
|| 1 _ exile axis of the planet's orbit; and fo the rube of | 


wa. n „ 


6 mens diftance of the carth from the ſun, to the Fig. 1 
8 3 if 1 mean diſtance of the planet from the = 
| ſun. nd the mean diſtance of the earth wen : l | 
5 taken 15 To I, or 10000, the roportional 1 mean di | i 
un WW :nces of the planets from the ſun are had, or the. bi 
150 diameters 9 of. their orbits. And theſe muſt be in- = 
5 creaſed according to Prop. XXII. centripetal forces. 5 
en Cor. Hence the periodic times of the planets, their ' 
fe mean diſtances from the ME and re ary. wil be- = 
u- as N | a rs. i. 1 
be | iets FEED AD i: eee | | 
he Bl ban [e739 7. 3% 1 54agt Þ 1 
a- 97 . : $ 32 12 20 90 52016 25051 1 
| MAY 100 | 168 | 9 
CP 22 | 1 
re . UA 1 
e. senoliux. | 
| ſt appears by com Peg ther the a | 
tions made in ancient Wies the JT that. 9 

. the periodic time of Jupiter i is 8 ng, and that 9 
. of Saturn decreaſing. For when theſe two planets. 1 
8 are in conjunction, by their great magnitudes and. 1 


, . AAS 


attractive forces, they act upon one another, and 
diſturb one another's motions ; by which means Sa- 


turn is ſomething retarded, and J e arrelkrüt. 
ed, in their reſpected orbits. 4 


R © P. VIII. Prob. 


95 find the equation of time; or the afrau, 1 
tween the true and [err _ « 


As all uniform motlons are | proportional to the- 


tines a theſe motions are n there- 
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Fig. 


0 


fore having the times given, the motions will be 


known; or having the motions given the times 
will be known. Therefore the motions and times 


may be taken for the meaſures of one another. 


But ſince the motion of the earth in its orbit (or 
which is the ſame, of the ſun about the earth) is 
not uniform; the apparent or vulgar time will not 


be uniform or equable. For the earth moving in 


an ellipſis, goes ſometimes with a quicker and ſome- 
times with a ſlower motion. Again, as the ſun's 
apparent motion is not in the plane of the equator, 
but in an orbit inclined to it in an angle of 232 de- 


<grees. Therefore it will ſeem to move unequally 


72. 


therein, ſometimes making a greater diurnal mo- 
tion along the equinoctial, and ſometimes a leſſer 
ſo there are two cauſes to produce the inequality 
of natural days; the elliptic orbit of the earth, and 
the obliquity of it to the equator. _ 3 

Let AN be the earth's orbit, S the ſun in the 
focus; make the area ASB = area PSD; thc.1 the 


areas ASB, PSD are deſcribed in equal times ; and 


ſince AS is greater than PS, therefore the arch PD 
is greater than AB. Whence the earth moves 


flower in the aphelion A, and quicker in the pe- 
rihelion P; and varies all the way from A to P, in- 


_ creaſing its motion to P; ſo that at any place N 


the angular motion is reciprocally as SN*, (by Cor. 


3. Prop. II. centr. forces). Suppoſe AB and PD 


to be deſcribed in the times of the earth's rotation; 


When the earth has made an entire rotation about 


its axis, the meridian of any place will paſs thro' 
the ſame ſtar, as it did at the beginning when it 


was at A. But the earth in the ſame time having 


cally (or the ſun apparently,) moved thro? an arch 


of the ecliptic equal to AB, the ſame meridian 
does not pals thro the ſun, it being then parallel 


to AS; therefore the earth muſt continue its revo- 


lution about its axis thr an angle equal to ASB, 
8 . | before 


Set. V. P. L N N K E a 


before it can overtake the ſun. Again, the earth Fig. 


paſſing thro' PD in the time of its rotation; the 


meridian, being then parallel to PA, it will not 
paſs thro' the ſun at 8, but the earth muſt conti- 
nue its rotation thro* the angle PSD, before the 


meridian overtakes the ſun. But the angle PSD 
being greater than ASB; and the earth's diurnal. 


motion being uniform; the meridian of any place 
will be longer of overtaking the ſun, at P, than at 
A; or the ſun will be longer coming to-the meri- 


dian at P, than at A; that is, the days will be lon- 


r when the earth is in the perihęlion, than in the 


zphelion. And therefore, fince the perihelion hap- 


nger in winter than in ſummer. 3 
It is plain (by Cor. 5. Prop. II.) that the mean 
motion about S is equal to the true motion; hen 


pros near the middle of winter, the days will be 
8 | 


SN = ſquare root of the product of the ſemiaxes; 


and that happens in two points of the orbit. 
Let AEPQ be the prime vertical, EQ the equi. 
noctial, BL the ecliptic. Suppoſe the ſun to move 
uniformly along the ecliptic CL, ſuppoſe it to be 
at D; thro' D, and the poles P, A, draw the me- 


ridian PDFA. It is plain, when D is near C, the 


motion CD, along the ecliptic is greater than that 
along the equinoctial CF; e the hypothenuſe 
CD is greater than the baſe CF. But when D is 
near L, the motion along the equinoctial FQ, is 
greater than that in the ecliptic DL... For the part 
DL almoſt coinciding with a parallel circle, muſt 
be lefs than the — is part FQ of the great 


circle. Therefore, there is a point between C and 


L, where the motion along the ecliptic CL, is 


Fd 


equal to the motion in the equator CQ, or where 


the motion in longitude, is equal to the motion of 


Tight aſcenſion; but in all other points theſe two 
motions are unequal. After a quadrant of the eclip- 


te is deſcribed, they coincide at I. and Q. And 


. 


} 
( 


72. 
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Fig. ſo they coincide at all the equinoctial and ſolſtitial 
73. Point.. 7 ; 
Hence the equation of time depends upon the 
ſaid two cauſes, which are independent on one ano- 
ther. Sometimes they increaſe this inequality or 
equation of time, when they concur together; and 
ſometimes they diminiſh it, if they happen to be 
contrary. Therefore to find the equation of time 
anſwering to theſe two cauſes ſeparately,  _ 
1, For the elliptic orbit of the earth. Find the 
trye anomaly from the mean, by a table computed 
by Prop. I. Then the difference between the true 
and mean anomalies converted into time, gives the 
equation of time; and this muſt be done for all 
the degrees of anomaly. Where obſerve, that reck- 
oning ; Jes the aphelion, the mean place precedes 
the apparent place, from the aphelion to the pe- 
rihelion, where they coincide ; but from the peri- 
helion to the aphelion, the apparent place pre- 
cedes the mean; as is evident from what is deliver- 
ed in Prop. I. whence, the mean time is longer or 
ſhorter accordingly. yr. he Ford” 
* 2. To find the equation, in regard to the obli- 
quity of the ecliptic. Let CD be the ſun's longi- 
tude, in the equinoctial CQ, take the arch CI = 
CD. Then in the right angled triangle CDF, we 
have given the - hypothenuſe CD, and the angle 
C, to find the right aſcenſion CF; then CF taken 
from CD or CI, gives the difference FI, which 
converted into time, gives the equation of time for 
the longitude CD. And this is to be done for all 
the degrees of the ecliptic, and put into a table. 
Where 3 the mean place I, precedes the appa- 


R Vows. aw aut. 


Sas © os oadS ew 


- 


rent place F, in the firſt and third quadrants of the 
ecliptic. But the apparent place precedes the mean, 
in the ſecond and fourth quadrants. 1 
72. Hence therefore, in the firſt and ſecond quadrants 
of anomaly, the equation muſt be ſubtracted 3 


a co , and . AY 
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he apparent, te give the mean time. But in the Fi, 
third and fourth quadrants of anomaly, the equa- 72. 
tion muſt be added to the apparent time, to have 


the mean. And this from the elliptic orbit of the 
earth. TVT es 
= And upon account of the obliquity of the eclip- 73. 
| tic, in the firſt and third quadrant of the ecliptic, 
3 the equation muſt be ſubtracted from the apparent 
; time to get the mean; and in the ſecond and fourth 
4 - quadrants, the equation muſt be added to the ap- 
parent time, to have the mean, a 
- And when both theſe cauſes are conſidered, the 
e entire equation of time will conſiſt of two parts, and 
| is always the ſum or difference of two arches ; one 
. . of which is the difference of the fun's true and 
8 mean motion; and the other the difference of the 
* ſun's longitude and right aſcenſion. From theſe 
* ſeparate parts two tables are computed as was ſaid 
* before, which will be perpetual. And from theſe 
Fe two tables a third is compoſed ; which will not be 
" perpetual, but will ſerve without ſenſible error for 
; an age; becauſe the earth's aphelion and vernal 
1 equinox, which are the initial points of theſe mo- 
if tions, vary a little in their pofition, which when it 
15 becomes ſenſible requires a new table. This third 
10 | table is uſed to fave the labour of taking aut the 
le 


equations at twice out of the two tables, which by. 
h this is done at once; which ſhortens the work in 
the calculation of the planet's places. 


ow The conſtruction of this table is thus. Begin 
ll at the vernal equinox, and take the equations cor- 
e. reſponding to the o, 1, 2, 3, 4, &c. degrees, from 
5 the table of the ſun's mean anomaly. Then in the 
he table of the ſun's longitude, ſeek the place of the 
in, earth's aphelion, (which is about 8 degrees of Can- 
_ cer) begin there, and write out the equations of all 
1 the ſucceeding degrees in order; which muſt be 


0 reſpectively annext ta the former, either by adding 
8 8 N 5 | or 


pr 
* 
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or . ſubtracting as the two tables direct, prefixing 
the ſign of the major quantity. Theſe muſt be 


placed againſt the reſpective degrees o, 1, 2, z, 
Kc. in the 3d table of the ſun's. longitude, and if 


this be continued quite thro' all the ſigns of the 


_ ecliptic, you'll have the table required. This third 


table will cither be in degrees or in time, accord- 
ing as the two firſt are. But it is eaſily convert- 
ed from one to the other; for a degree is equal to 
4 minutes of time. 


Ee: J ©: 

Let v be the firſt point of Aries, A the aphelion, 
© the ſun's place ; then put | , 
e ſun's equation for his true anomaly ; which 

is + in the firſt 6 ſigns, and — in the laſt 6, 
= ſun's longitude. | 
r g ſun's right aſcenſion. 
then e + /—r = equation in degrees. 


and let e 1 r reduced to time t the abſolute 


EY N equation of tithe, 
then mean time + # = apparent time. = 
or apparent time — = mean time. 

And thus a general table is conſtructed. 


The uſe of the table. 


1. To reduce the apparent to the mean time; 


find the ſun's place, againſt which, you'll find the 


equation; which add to, or ſubtract from, the ap- 


parent time, as the table directs, gives the mean 
time. | 3 Th | 

2. To turn the mean into the apparent time; 
find the equation as before, which add to, or ſub- 
tract from, the mean time (contrary to what the 
table directs), gives the apparent time. | 


Cor. 1. If the earth's orbit was a circle, coincid- 
ing with the plane of the eguinoctial; the apparent 
and true time would be the ſame, „ 


S8. V. L AN K TT 
For in this caſe the earth's motion in its orbit Fig. 


would always be uniform, and conſequently the 73. 
e ſun would ſeem to advance equally every day, and 

„ there would be always the ſame conſtant addition 
f to the earth's rotation, in order to overtake the ſun. 

e And the ecliptic and equator coinciding, there could 

d be no difference between the ſun's longitude and his 

. right aſcenſion. So that the mean and ſolar days 

y would always be the ſame. | 

0 OK, 


Cor. 2. It is evident, if the earth's apbelion and 
peribelion coincided with the equinoctial points, that 
in theſe points the equation of time would be nothing. 
„ For theſe are the two beginnings of theſe ſeveral 

equations. But in proceſs of time, theſe points be- 

ing removed from one another, the places where the 
. equation 1s nothing will alſo. be removed from theſe 
points; becauſe in combining theſe two different 
tables, they will affect one another, and the reſult 
compounded of both, can neither agree with one 
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e nor the other. | 8 
a Cor. 3. The mean aſtronomical day exceeds the time 

of the earth's rotation by 3" 56%. And the time of the 

earth's rotation to the ſame ſtar is 23*.56" 49. 1 

For N75 or. 98 56 1s the degrees the fun advances | | 

6 in a day, and which the earth has to overtake, af- | 
18 ter its revolution to the ſame ſtar; and .985 X 4 i 
. minutes = 3® 56*, which taken from 24, leaves i 
. 23" 54” 4, the time of the earth's rotation. | 

Cor. 4. Hence, in a year the earth makes 3662 re- 72. 
= volutions about its axis. | 
1 For the earth revolving the ſame way about its 
2 axis, as it moves in its orbit; it has to revolve thro? 

the 365rh _ of the circumference, to overtake 
. the ſun, after its rotation is performed; and there- 
2 fore in the whole years or 365 revolutions, it has 
ir De. another 
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Fig. another whole revolution to make, which in all is 
2 Boy r · 


Cor. 5. N a mean ſolar 20% 360* 59/ 8 of mn 


equator 2 under the meridiah. 
For .9856 degrees 50% BY, and this is what 
the {un adyances In a day by his mean motion. 


Cor. 6. The equations of une are greateſt and lea, 


when the apparent time is equal 10 the mean, or the 
fun's motion in a day, is 30 8", And that happens 
in this age, about the 121th of February, 14th of May, 
26th of Fuly, and tft of Noveniber. 
Fr or when the mean day is ons to the ſolar day Y, 
equations are àt a ſtand; and are then eithe 
2 d or leaſt; And thels fifties are to be ha 


from the tables. : | 
Cor. 2 When a clock is ay adjuſted #d keep 


mean time, it muſt go 230 56" 4, from the inſtant of 
uny fixed ftar's puſh 


Schott x. 


From dener 2a table miy be made of the equa· 
tion of time for all the days in the year. And this 


is done by conſidering in what points of the eclip- 
= e the ſun is, on every day at noon, and taking 
the 


cotreſpondent equations, from the table of the 


fun's longitude. And it is not ſufficient to make 
one table; but four muſt be made; for leap year, 


and for the firſt, ſecond; ard third years after leap 


year. For there. are 6 hours difference between one 
year and another ; and in 4 years it returns again 


nearly to the ſame; But this table will only ſerve 


for an age. 


PROP, 


ng thro" a fixed point, 1 the time 
ils returning to the ſame point again. 


rr 


Sec. V. h A iN © Tt 
PROP, IX. 


The cofine of the ſun's declinatios is a mean propor- 
tional between the radius and the coſine of the obliqui- 
jy of the echptic, at ihe point where the ſun's motion 
in the ecliptic is equal to his motion in right aſcenſion, 


Let EQ. be the. equinoctial, CL the ecliptic; P 
the pole, S the place of the ſun, PSd a meridian 
paſſing thro* the ſun, and ASB a parallel of decli- 


* 


3 


Fig. 
74. 


| 


nation. Draw the meridian Pf infinitely near PSd, 


cutting AB in r, and CL in r. 
The triangle Srt, right angled at r, being very 
ſmall, may be taken for a plain triangle. T heteforg 


rad x Sr rad x Sp 


SS Sr e 2 rad 284 * e Bok. 


(Trig. B. III. Prop. IV. Cor, 5.) coſ. dS : rad : : 
+ © ob | 


Sr: of = L. * Then fince the motion in lon- | 


. ES - 5 28 9 CI: Ai „„ 132 ey 3 uh . 
gitude is equal to the motion in right aſcenſion ; 


RS „ © 
therefore St = df; that is, S.CSd. = col ds * 


therefore d. CSd = coſ. ds, But in the right angled 


ſpherical triangle Cds (by Caſe 11.) rad: S. CSd or 
col. ds : ; col. ds : coſ. SCd. 1 #3 i 


4 as 


e 43* 46 from the tropics, where the nean and 


7 


735 


V - 
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Fig. Cor. 4. Alſo in theſe four points, {he equations are 
74. 


the greateſt and leaſt, 


| SCHOLIUM.. | - X 
It was ſhewn before (Cor. 5. Prop. II.) that the 
earth's motion about the ſun is equal to the mean 
motion, when its diſtance from the ſun 1s a mean 
proportion between the ſemiaxes of its orbit. And 
this is, ſetting aſide the conſideration of the obli- 


quity of the ecliptic. 

+ ROS Wm: 
The ſolar days are longeſt when the earth is inits 

peribelion, and ſhorteſt in the apbelion; in regard to 

Its elliptic orbit. But the days are longeſt- when the 


ſun is in the tropics, and ſhorteſt in the equinoxes ; re- 
garding only the obliquity of the ecliptic, | 


72. If ANP be the earth's orbit, then ſince the _ 


locity is greateſt at P and leaſt at A; the diurnal 
arch PD, deſcribed by the earth, will be greateſt at 
P; and AB the leaſt, deſcribed at A. Therefore 


the angle PSD is the greateſt, and ASB the leaſt. 


But theſe angles, are what the earth wants to re- 
volve thro? to overtake the ſun, and are the additi- 
ons to the ſydereal day to make the ſolar day. But 
this addition is greateſt at P and leaſt at A. There- 
fore the ſolar days are greateſt at P and leaſt at 
A; and in other places are of a mean quantity. 
Then in regard to the obliquity of the ecliptic, 
the motion of right aſcenſion will be greateſt at L, 


for two reaſons; firſt, becauſe it is then parallel | 


to the equinoctial, and without any obliquity. And 
ſecondly, becauſe it then moves equably in a pa- 
rallel at L, and therefore the motion referred to Q, 
in the equmoctial will be greater than that, and at 
L is the greateſt it can be, as the point L is the 


. 


furtheſt 
6 8 


| —d. And (by Cor. 3. Prop. XVI. centr. forces) 
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furtheſt from the equinoctial, that it can be. But Fig. 
at the equinox C, the ſun moving uniformly thro? 72. 

CL, will make a leſs motion along the equinoctial 

CF, than along the ecliptic CD, as the baſe of a 

triangle is leſs than the hypothenuſe. And the 
. leaſt motion will be at C, where the obliquity is 
greateſt, Therefore the addition to the days wil 

be leaſt at C; that is, the ſolar days will be great- 
eſt at L and leaſt at C. And at other places are 
of a mean quantity. ob 


Cor. 1. Hence the days are unequal thro* the whole 
gear, being ſometimes longer and ſometimes ſhorter. 8 
Here an hour, being a twenty fourth part of a 
day, will alſo be unequal at different times of the 

year. : 


Cor. 2. Having regard both to the elliptic orbit 72. 
of the earth, and the obliquity of the ecliptic, the 73. 
longeſs and ſhorteſt days will fall upon ſome interme- | 
diate points. © . | 
This will be when the equations of time in the 
general table differ the molt ; which is eaſieſt found 
by looking into ſuch a table. Hence, 


Cor. 3. About Mar. 27, the natural ſolar days are 
19“ leſs than the mean days; and about June 24, 
14" greater; and Sept. 19, 22“ leſs; and Decem- 
ber 22, go'! greater. So that a day at the end of 
December is 52" longer than a day at the end of Sep- 


 tember, | | : 
| PROF. 
The velocity of a planet in its orbit at any place N: 76. 


7s to its velocity at the mean diſtance SD: : WV FN, the 
ſquare root of its diſtance from the other focus: 


VN, the ſquare root of its diſtance from the fun. 
For if PC or SD = r, SN = 4, then FN 217 
the 


4 


5 
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Fi 2r — d 
2.5 the velocity in N is as » Id, the 


diſtance SD or d Sr, therefore the velocity i in Dis 


27 — | 
if = 72 — == I. Mhence, velocity 1 in 


r 
3 5 21 — 4 
N: nne 7 OS om 


d:: VN: VN. 
Cor. 1. The velocity in the aphelion A: is 10 the 


velocity at the mean di Nance SD: : AF: CD 10e ſe 


miconjugate. 
0 vel. at A: vel. at D: AFA: A or 


: VEA* x: VE. £4 „ 1A: CD, (by 


= I Ellipſis). 
Cor. 2. The velocity i in the peribelion P: mls 


at the mean —_— SD: 2 2 F P: CD, the ſemicon. 


Jugate. 


IP-: VSP FP: FP; cp: SA: CD. 
Cor. 3. The velocity in any place N is as N 
By the demonſtration. "0 


PROP. XII. Prob. 
27 o find the fan's Place and diſtance. at a n time. 


Let L = arch v As: the ſun's mean longitude 
or mean place. 
'P = A, the place of the apogee. 
A = ſun's mean anomaly, AD O. 
E = equation belonging to the anomaly A, 
| which 1s + or —. 


G = arch belonging to the equation of time, 


which is + or —. 
U= 


For vel. at P : vel. at D: Eq FP 2 SB:: 
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D = log. diſtance for the ſame anomaly. Fig. 
Then L + E + G = ſun's true place, or P A + 77> 

E + G = ſun's place. Er 
and numb. of the log. D = his diſtance. 


The Rule at length. 


1. From the tables of the mean motion of the 
ſun, write on it the numbers for the year, month, 
day, hour, minute and ſecond; for the ſun's ano- 
maly, and place of the apogee, in two ſeparate 
columns. And add them up. | 

2. To the ſun's mean anomaly add the place of 


or the apogee; and the ſum is the ſun's mean longitude. 
b 3. Seek the mean anomaly in the table of the 
* ſun's equations, and take the equation and propor- 
tional part, anſwering thereto; which ſubtracted 
city from, or added to, the mean longitude, as the ta- 
on- ble directs, gives the ſun's true longitude, to the 


mean time; rejecting 360 deg. when it exceeds 
FE that, OM 
4. Find the equation of time in the general ta- 
ble, anſwering to the ſun's true longitude. Find 
N that equation in the table of the ſun's mean ano- 
I maly for hours, &c. and againſt it is the arch, which 
| (according as the abſolute equation of time was + 
or — ) is to be added to, or ſubtracted from, the 
ſun's longitude, gives his correct longitude for the 
apparent time given. 


Ne. 5. In the cable of the ſun's mean anomaly, find 
the log. diſtance anſwering, and the proportional 
rude parts; the number thereof is the true diſtance. 


Note, if you make uſe of tables, printed before 
1752; you muſt take out for 11 days leſs, after 


that time, 


- 
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Ex 1. | 
To find the ſun's place, Jan. 31, 1766, at noon. 


By HaLLEv's Tables. 


© mean anom. Long. apogee. 

| | s o PE $ . 

An. 1766 6 12 13 28 3 8 44 53 
Jan 31.] 19 42 43 3 


— 


© m. anom. | 7 1 56 11] 3 8 44 56 


ap. 3 8 44 56 


O m. long. [io 10 41 7 eq. time 


caqua.＋ 1 2 40 + 148“ 
© true long. 10 11 43 47 arch + 35" 
eg. time „5 
10 11 44 22 his correct place. 


Log. diſtance = 4.993755. 


Explanation. 
In the table of the mean motions of the ſun, 


againſt 1766, you have the ſun's mean anomaly 6 
12* 13 28", and the place of the apogee 3* 8* 44 


52”; to theſe add the motions for Jan. 31, which 
are 19? 420 43", and 3”. And you have the ſun's 
mean anomaly 7* 1* 56! 11”, and place of the a 

gee 3* 844 56”, Whoſe ſum 10˙ 10% 41 7" 1 


the fun's mean longitude for that time. Then the 


equation for the mean anomaly 7* 1® being 112“, 
the equation for 7 1* 56/ 11 is 1 2! 40/0; which 


(by the table) added to the mean longitude, gives 
1011 430 47” for the ſun's true longitude. Then 


the abſolute equation of time, anſwering to the ſun's 
longitude, is + 14 8, correſponding to which, in 
the table of the ſun's mean motion for hours, &c. 
we have + 35, which added to the ſun's longitude 


before 


5 — — : 


; » ths 
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before found, gives 10* 11* 44 22“ for his correct Fig. WW 
longitude. And finding the mean anomaly in the 77. "if 
table of the ſun's diſtances, you'll find (by pro- =. 
: portional parts) the log. of his diſtance 4. 993755. i 
Find the ſun's place Oct. 25, 1968, at half an I 
hour paſt nine in the morning. | -- 
Here becauſe tis in the morning you muſt write 47 
Oct. 24* 21 3o®; but becauſe it is leap year, and 1 
after February, you muſt add a day; ſo the time ' 
is Oct. 250% 210 30", 5 25 1 
By HALLE VI Tables. it 
© mean anom. Long. apog. =» | 
BE C Ä ce £5 1 
An. 1768 6 11 42 480 3 8 46 55 | 1 
Biſ. Oct. 25 9 12 52 3 48 Þ 
3 x 
© m. anom. | 3 25 27 5o| equat. time | 
ſun, | +| 3 $ 47 43] — 15" got 
y „6 om long. | 7 4 15 33 arch 
> 4s ecequat. — 1 45 57] — 39 
hich © true long. 7 2 29 36 
ſun's : | oo” ; 
apo 8 2 2 28 57 © correct place. 
is ' 3 
oF Log. diſtance = 4.996930. 
1 of 8 | 
hich Some tables give the ſun's mean longitude at 
ges once; and then the place of the apogee is to be 
Then ſubtracted from the longitude, to find the mean ano- 
ſun's maly. For P+ A= L, and A = L —P. And 
h, in this way is as ſhort as any. 
| &c. : 


2; _ 
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PROP. XIII. 


Let E be the earth in its orbit AE, P a planet in 
its orbit NPC, PB perpendicular to the ecliptic, $ 
the ſun ; then the fine of the angle of commutation re- 
duced to the ecliptic, ESB: is to the fine of the elon- 
gation BES : : as tangent of the beliocentric latitude 
PSB : zo tangent þ the geocentric latitude PEB. 


65. 


For let SAN be the line of the nodes, and 5 
'SB and EB, then in the plain triangle ESB, S.ESB: 
S.SEB : : EB: SB. And in the right angled tri- 
angles EBP, SBP; EB: BP:: rad: tan. BEP = 


BP Bp 
FB X rad. And SB: BP : rad: tan. SP = IF 
"0 


X rad. Therefore BEP; ; ran. BSP : EB F- 
SB : EB : : S.SEB : S. ESB. 


Cor. As 2 ne of the angle of commutation of the 
planet in its proper orbit, ESP: = of the angle bf 
elongation, PEs : : ine of the beliocentric Jann 
BSP: /ine of the geocentric latitude BEP. 7 & 

PB X rad — BK rad 


For SP = — 2 and EP = S BEP 


I 
therefore SP: EP:: THIS s = =D :: S.BEP 


ſl | S.BSP :: SP: EP : : S.SEP : S. ESP. 
| 5 | EE. PR O P. XIV. Prob. 


| 1 78. To find the place of a planet, at an 


| 
| 
1 | L Pet I. - planet s mean lon gitude or place, v Np, 
F = longitude of, the aphelion, vp NA. 
1 IL. — F = A = mean anomaly, Au v p. 
| 4 E = equation for A, + or —, 
j 5 


Sect. W. L. A N x RS 

N = place of the aſcending node, VN. Fig. 

L + E = H = heliocentric longitude. 

H — N = argument of latitude, NP. 

S reduction belonging to H—N, + or—. 
Then L + E + R = true heliocentric longitude. 
: Again, | 
Let B = diſtance, for A, SP. 

-X heliocentric latitude PSp, and c = cur- 

| tation, for 'H — N. 
then B —C diſtance in the plane of the ecliptic, Sp. 
and the geocentric latitude is found by Prop. XIII. 
Then in the triangle formed by the earth, ſun, 
and planet; there are two ſides, and the included 
angle at the ſun, given; to find the angle at the 
earth, which added to, or ſubtracted from, the pla- 
net's true heliocentric longitude, according to their 
poſition, gives the geocentric longitude. 
It is the eaſieſt way to draw a figure, as it di- 
rects the whole work, and makes the proceſs in- 
tellgible. 5 | 
If you calculate by tables printed before 1732; 
you mult take out for 11 days leſs, after that year. 


The Rule at length. 


1. Find the ſun's place and curtate diſtance by 
| Prop. XII. to the given time equated. The op- 
polite to that 1s the. earth's place. 

2, From the tables of mean motion, take out 
the planet's mean longitude, the places of the 
aphelion, and node, for the mean time, which put 
in ſeparate columns; and add them up. | 

3. From the planet's mean longitude, ſubtract . 
that of the aphelion, the remainder is the mean. 
anomaly ; which in ſome tables is given at once. 

4. Find the equation for the mean anomaly, and 
add it to, or ſubtract it from, the mean longitude, 
as the table directs, gives the planet's heliocentric 


longitude. e 
| 0.4: 5. From 
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5. From the heliocentric longitude of the planet, 
ſubtradt that of the node; the remainder 1 is the ar- 

a gument of latitude. 


6. For this argument of latirude, in its proper 
table, find the reduction, heliocentric latitude, and 


curtation. 


7. The reduction added to, or ſubtracted from, 
the heliocentric longitude, as the table directs; gives 
the true heliocentric longitude of the planet! in the 
ecliptic. 

8. Find Pak Ames for the mean anomaly, from - 
; which ſubtract the curtation ; the remainder is the 
curtate diſtance of the planet. 

9. Take the difference of the longitudes of the 
earth and planet, which is the angle of commuta- 

tion, or angle at the ſyn. — 
10. In the triangle made by the ſun, carth and 
planet; find the angle of elongation ; which add 
to, or ſubtract from, the ſun's place; according as 
the planet's apparent 2 or the ſun's place is fore. 
moſt, which will appear by the figure; and you 
have the geocentric place of the planet. 8 
11. The latitude 1s found by the * in 


mugs XII. 
Examp. 1 


To find the geocentric is of Mars, ior: 1 
1761, at noon, mean time. 

By Prop. XII. The ſun's place is 5* 214 11/ 45, 
and the earth's 1* 214 x1! 45”, And the log. cur- 
tate diſtance = 4.995016, and diſtance = * 

Then tor the W 8 . 


3 i : | 
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1 

233 i 

By HaLlLzy's Tables. =. is 

year m. long. | aph. ] | | 

1761 f 3 27 4 5 1:44 30 Ii 

Nov. 12 | 5 9 50-31 1 9 

m. lon. | 4 13 18 13] 5 1 45 28 I 

_ equa. |+ 3 2 911 11 32 45 ll 

| hel. lon. | 4 16 20 22| mean anom. v8 

reduce |... , noe | 

tr. h. lon. | 4 16 20 20017 3 20] | 

FA 32 | 

log. diſt, 5.219915 | 1 1 3 | 

curt. 2262 29 16 28] | 

J. curt. diſt. 22755105 : arg. ,, 1 
diſtance 9 hel. lat. 1 50 59 niverk 


6 place 4 16 20 20 at p 
©. place 1 1 21 11 45 at T 


Senn 2 25 2 28 8 8 35 = < Ty. 


Then in the triangle 785. the ſides TS, Sp, ney 
angle T'Sp are given, to find the angle, of elonga- 


tion STp = 2 2 33 18, by Caſe 4, of oblique 
plain triangles ; $4 then.  ! 


+ 


from © place 7 21 11 43 
take the — 288 33 18 18 
remains & } 8 28 
geecenn. place 4 ne. 2 


Laſtly, S. com. T Sp. * 8 35 — ente 


S. elong. S Ty, 62 33 18 — 9-945 1457 


tan. hel. lat. PSp, 1 50 59 — 8.309 1348 


tan. geoc. lat. PTp, 18.457289 
38 58 Nor. 3 24888428 
Exam. „„ 


20 find the place of Venus Sept. 9, 1768, at 5 


o'clock i 1n the morning; that is Sept. 8 17“. 
| The 


76. | = 
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= The ſun's 
* th 


place by Prob. XII. is g 17 35 103 
e equation of time (3, 8/0 dedu&t;; then the 


time is 290 16" 56" 5 3 And log. ſun's 3 


can 


5.002607, ahd the diſtance 100600. Then for the 
place of Vet 


year 


leap year 


1768 | 
Sept. . 7 
f 


16 þ- 


56" | 


52 


By Hatueys — 88 
mean lon. Aphel. | 
5 * 42 7 35 2 


m. Jon: 
equa. 


Te We 4 > 


hel. lon. 


reduc. IF 
tr. hel. lon. = 


log. W Fe ee N L tat. 3 T 1 5 


Curt. 


I. cur. diſt; I 855644 | 


diſtance 72052. | 


7 lon. 


a a6 — 204 £1 


6 4 33 56 


© lon. 11 17 2 - . 


= com. 


n 


1 


Then in the en Dy we 8 two ſides. 
| given; and the ſe 58 yo 8 the angle at ©; 


F 


— 


„ of © RS 
Then de the ſun's ae © 5 17 35 10 
add the angle at 9 : 1 34 
"I 2 bel. Place | 5 5 24 39 44 


— — 


- 


= 25 N - — 1 
Tas F : te, > 


_ mme a« «© N 1 un. — Tac. T, 7 


dec 


Sect. V. PL N E n 


1 0 * om. (163 1 14) 9.464254 Fig 

n S. elong. 8 7 4309 3.595678 79. 

e T. hel. lat. ( 3 11ů 1) UT pap 

© T. geo. It. Hortn 7.535872 
. 20 38² 8. 3703867 


1 Weine tables the wh anomaly is had directly 
from the given year, month, day, &c.. And by — 
mean anomaly, the lanet' *'s heliocentrie place is had, 
with its diſtance and heliocentric latitude. And 

that method 5 than the foregoing one. 


P NO P. XV. 


If AR; CB be the bars 8 two planets, both cir- 80. 
ilar, aud in the ſame plane; S the fun in their tom. 
mon center. Put the: radius SA. or SR = 7, ra- 
dius SB = R. Then ſuppoſing one of them A or B 
to be the earth; the other, any planet; then that pla- 
net will appear ' ftationary to a ſpeftator at the earth, 


Rr 
when the cofine of the' angle ASB = "R ST 
radius being 1. 


r 1 f * 


Tat the two Tae be at A and B. * A move 
thro? the ſpace aA, whilſt B moves thro” the ſpace. 
B. Therefore aA and 5B are the velocities of the 

two planets; and theſe (by Cor. 5. Prop. V. cent. 
forces) are reciprocally * as the ſquare roots of the 
radii r and R. Now that one of the planets m 
0 appar. Rationary at the other, the lines connecting 
them, ab and AB, muſt be parallel; otherwiſe 
they expe be directed to the ſame ſtar or point 
e heavens. - Produce 4A and 2 to interſect in 
F; or which is the ſame thing, draw AF, BF per- 
pendicular to the fadii SA, SB, to meet in oh Then 
ſince the angles at. A and B. are right, the figure 
FBAS will be inſcribed 1 in a ſemicircle whoſe dia- 
meter 


22521 — - 
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Fig meter is FS; therefore the angle BFA = 2 B84. ; 
80. AFS = ABS, FSB = F AB, and DF S = ſupple- 


ment of BAS. 


Let FB = x, BD = y, then DS =R —y, and 


ſince ab, AB are parallel, FB (x) : FA: : Bh: 


"I ror | > z therefore FA = x 


<= and FA* = = Alſo i in the right angled 


. FBS and FAS, FA* + rr =FS* = xx 
+ RR, ind BAS = RES e therefore 
Rxx 


= = RR— rr + xx, and Rex — rar = RR—rT 


RR — Y 
x7, whence a = | at xr NF 


Rr A rr. enn And FA = 
Wi. x EL. x9 
Again, by the ſimilar triangles SAD, FBD; 


FB (x): BD (9): : SA C) AD = = Alſo, SA 


Ro . 


400: SD (R-). : FB (x) : FD = yy 


And 


. „ | 
FA = D DA EA 


r 4 "Dna -; 
2 
„5 /S by what vent be 


R 
fore. Therefore Re# — vx + Try = rer I | 
= i VN. And i art = nay m, 


R— f R- Rr 


Xx — r. Rr 


KN, or multiply both nume - 
rator and en by R + VR, then * 


* 
= : 


Hence SD = e , Kr; 
RR — RR — —Rr +RV/Rr +1v/Re 
= R — 2 
— — E, d SD: n (i) :: 8A C) 
. 
$.SDA = = . — 


R+r r Rr — Rr n + 7 -IRr 
S col. angle ABB. | es 
C61 The fine n R ANN. 


VR + 1. 
For in the 1 FBD, FB wk 


* BD (9): SF=7 XS8D= 


RY 
(K + 3 ITE 
R—V/RrxR+r, v RY 
oh..." i 


VR—v/rx f of” ; which may be Gherwid 
RTT — N. 5 
expreſſed by multiplying both numerator and de- 

nominator by ſſR + Vr; then S. F = 


R —rXVR+r | 
RYVR +7/R —Ry/r Nr + YR 
— Row + = Guide" 
RR + Vr 
Cor. 2. The tangent of the angle ASB = 


= wa 
Ko —VR + r. 


For 


WEN 


: THE RRI MART 


Fig. For in mr FBI, FB B (x): rad (1) :: ; BD 


80. 


2 _R=ReXREr 


= RIFF > YR ＋ 7 Rr VR + 


3 
* 
[ONES 


This alſo may, be reduced to another form by mul- 


tiplying — numerator and denamunator by: <4 = 


rr +7 


. . and chen it becomes = R . . Fr” 


Cor. 3. 7 he lenken, of the engl ABS, at the up= 


r 


webu it = N 
For in the triangle AFS, FA ( 


” 


rad (1): : 8A (r): tan. AFS = — = 


VRR + - Rr 
tan ABS. 


Cor. 4. The tangent of of. the angle BAS, at the lower | 


orbit, is = 


Fs LE. | 


— 2 


For in the triangle SBE, F B d Trg): rad 


(x): Bs () = = tan. angle BES or | 


its naß fle ment. BAS, N is greater than a right 
angle. 


Hor. 5. When- any. ohne is 8 the tangent 


the angle at the earth, is to the tan. of the angle at 


_ the Planet ; as the | periodic time of the Planet, to the | 


Periodic time of the: carte: 


. 
For N tan. B: 


R + TX 1＋7 EF 


© 


+ Rr): 


S en :: Ri 75 | : per. 


time of B : Pr. time of A. "Cor. | 
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Cor. 6. There is anather point G, as far beyond Fig. 
R; where the planets at G, B, will appear ſtationary 80. 


* 


from one another. 8 | | bs 
For the poſitions of-all the lines remain the ſame 
1 at G and B 5 as. at A and 8 , 


Cor. 7. Let the two curves AR, CR be ellipſes or 


N 


"w 


X am other curves as welt as circles; the planets A, B 


moving in them, will appear ſtationary, when. the tan- 


F, BF are. proportional to the velocaties at A 


gents | 
and B. 


© 


For if AF, BE be as the velocities in A and B 
| they will be as aA and 335, and therefore ab AE 
will be parallel; and conſequently the planets will 


appear ſtationary to one another. 


Cor. 8. Hence in circular orbits, and neariy in el- 
liptical ones; the place of the earth may be determined, 
from which a planet, in a given point of its orbit, 
will appear ſtationary. For there is no more to do, 
than to find. the angle at the ſun, between the planet 
and earth, which will determine the two points of the 
earth's orbit, where it muſh, be at the time of ſtation. 


PROP. XVI. Prob. 


To find the time when any planet will appear tas 
nf, i $8 


-\ 


If the orbits. of the planets . were exact circles, 
the time might be exactly found. But as they are 
all elliptical, there is no direct method to find the 
time. Vet as their orbits do not differ a great deal 

from circles, one may approach near hand it, and 
the reſt muſt be done by trials. To proceed then, 
1. Having the mean diſtances of the earth and 
planet, find the angle at the ſun between the earth 
an planet when the planet is ſtationary by the laſt 
rop. | : 
f 2. Fot 
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2. For the time you enquire, or any other fixt 


time, find the heliocentric places of the earth and 


planet, and conſequently the angle between them, 
made at the ſun, (by Prop. XII. and XIV). If 


that angle be the ſame with the angle of ſtation 
found by the firſt article; then this will be the time 
required nearly. But if not, then 


3. Find out the number of days, that the earth 


and planet have to move in their orbits, till they 


make that angle; which may be done thus. Let 
P be the periodic time of the planet, p that of the 


earth, x = number of days required. Then P: 


360 


360? : T's P 5 the arch run thro? by the pla- 


* 


net. And p: 350? 22S: . the arch run thro 


by the earth. Then the difference of theſe arches 


or angles muſt be put equal to the ſum or differ- 
ence of the angles, found by art 1 and 2, as the 


caſe requires; then by reduction x is found, which 


reckoned forward from the time you compute, 


gives the time of ſtation nearly. 


- 


4. But becauſe of the elliptic figures of the pla- 


netary orbits, this may not happen to be the pre- 


ciſe day; therefore by Prop. XIV, find the geo- 


centric longitude of the planet for that day, and 


alſo for the next. If they happen to be the ſame, 


then the planet is ſtationary, in one of theſe days. 


If not, obſerve whether it is direct or retrograde. 


If it be direct, it is either ſhort of the firſt ſtation 
or paſt the ſecond. If it is retrograde; it is either 
paſt the firſt or ſhort of the ſecond ſtation. Ac- 
cCcordingly you muſt take 3, 4 or 5 days ſooner or 
later than this time, as the caſe requires, and com- 


pute anew the geocentric longitude of the planet 


for that time and the day after. If theſe do not 


ſtill agree, you muſt take a new time, and com- 


pute again, till at laſt you find them to agree. 


Oo When 


1 


%- * e232 = cer OY 


+2» ur 6 
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4 When you are within a day of the true time, 
compute the planet's geocentric longitude for three 


ſucceſſive days, and by having the progreſs or re- 


greſs of the planet for theſe times; the method of 


a interpolation. wil give This exact time of the ſta- 


tion. 
— 
To find the time of Juphers ſtation next after 
April 1, 1768. _ 
Let AG be the earth's orbit, BC Jupiter's, SA 
= 10000 = x, SB ==. 54010 = R, P = 3654 
* P _ r To Then, 


er —v Rr; 58187 = = col. 54 25 = 


angle DSG, the an angle of ſtation. 


oi. the firſt Apa the earth's heliocentric 
longitude is E 
Jupiter's heliocentrie longitude. — 19..36 


the difference is the angle ASB — — 3 20 


80 that Jupiter i is paſt the firſt ſtation, not] is con- 
ſequently retrograde; but not come 0 the oppoſi- 
tion with the fun. : 


1255 


3. Here EE _ 9336.5 = ASG, and * 


0831x = BSD; and .9856x — .0831x or 3 
= ASG — - BSD = 2 : 52 200 + 54 


82.25 
25 = 59 22 = 59 75' 3 therefore x = 9639 = 


66.2 days after the firſt of April, which falls on 


the 6th or -th-of June, which is nearly the time of 


the ſecond ſtation, or that where the planet ceaſes. 
to be retrograde, and begins to be Ae its err 
being at D, and the earth's at G. 
4. But Jupiter's geocentric place on June 6th is 
6 19* 5% and on June 7th,, 6* 19% 43“, 
herfre he Is en e and not come to his 
| ſecond | 
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Fig. ſecond ſtation. Therefore advance three days mo mo re, wil 
831. which brings it to June gth and, roth; then Jupi. poi 
ter 8 geocentric place computed for theſe two — reti 

is 6* 13 of 12“ for both; ſo that the ſtation is be- tim 


tween theſe times. And computing alſo for the wa) 
8th or elſe for the 11th; the differences will find int 
che exact time by interpolation, ; the 
Le” . 

SCHOLIUM. EY. 2 


It may be obſerved, that if A = fi or Ai to 
ference of the angles found by Art. x. and 2. that let 
902 5 = A, is a general formula for Ending the dic 
time; ſerving i in all caſes for Jupiter. —— nun 
hey that calculate the geocentric places of the be « 
planets for every day in the year, may fee at onde, WM 5. 
by inſpection, when the ſtations happen' and whe- ſam 
ther the planets are retfograde or direct at any time, 


This is done in n Ne Th 

A Pro 

| P R 0 P. XVIL Prob. 1 nun 
— given the e of 4 one . F Mer- 


en or Venus over the ſur's diſt; to find all the timit 
wherein we may expect to ſee. the tranſit of the ſane 
Planet, when it 15 in the ſame node. \ 


It is matter of Sfervdliod, chat che inferior pla- 
nets ſometimes paſs over the ſun's diſk, and appear 
therein like black fpots. This can only happen 
when thrſe planets are retrograde, and the earth and b 
the planet in or near the line of the nodes. Con- of ſj 
ſequently if the — enter into the ſun's diſæ, ed a 
the ſun muſt be ſo near the node, that the geocen- i at th 
tric latitude of the planet exceed not the ſuns ap- at th 
parent ſemidiameter. For if it does, it is evident, or a 
the planet will not appear in his diſk. appe 

Since the line 01 the nodes of cach planet 15 D 


nearly fixt in one place, it follows, that the * Mer 
will 


Mercury in the ſun, 2 28, 1677, old ſtile. 
. 2 
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will be in the line of the nodes, always in the ſame Fig. 
point of its orbit; and therefore the planet being 
retrograde in the aſcending node, and at the ſame. 
time the earth in the line of the nodes, will al- 
ways be about the ſame time of the year. And 
in the deſcending node at another certain time of 
the Fear. 10 85 Je 0 
Now the time being given, when the earth, ſun 
and planet, are in this poſition once; it is required 
to find when this will happen again. Therefore 
let P = periodic time of the earth, p S the perio- 
dic time of the planet. Then if we find two whole 
numbers # and y, ſuch that x revolutions of P may 
be exactly or very nearly, equal toy reyolutions, of 
p; then the planet and earth will come into the 
ſame poſition in the line of the nodes as before. 


[4 


Therefore Px , and 5 = = Therefore (by 


Prob. IX. Ch. IV. B. II. Arithmetic) to find two 
numbers x, y, in the ſame ratio as P and P, and 


they will ſatisfy the demand. ſis 
Here P = g6g* 6) g® = 365.2563 and p = 87% 


23 15” = 87.968. Then we ſhall find 5 == 
Lok Þ 7 x43 88 38 
4 e 540 I 
ratio approaching nearer and nearer, x is the numher 
of ſydereal years wherein this event may be.expect- - 

ed again; at the end of 1 year it cannot happen, 

at the end of 6 years it rarely happens, but often 
at the end of 7. Alſo at the end of 13, 33, 46, 
or any additions made by them, it will probably 


Dr. Halley, 4n the iſland of St. Helena, obſerved 


— 


— 
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Fig. this yeat, add 13, 33, 46, or their doubles, &c, pod 
and that will give the year, this event will proba- 
bly happen again, which will always be about the 
end Tg October old ſtile, or the beginning of No- 
vember new ſtile. The planet being then in its aſ. 
cending node. Thus adding 92 or twice 46 to 1657, 
y du have 1769 for the year, when Mercury will ap- 
pear again in the fun, in the month of November 
new ſte. But to know more nearly the time of the 
. tranſit, theſe ſydereal years ſhould: be reduced to 
Julian years, by adding ſo many times 9 minutes, 
as is the number of years elapſed ; but without 
this it is exact enough for our uſe. Hence in the 
year 1769, about Oct. 28, old ſtile, or Nov. 8, new 
ſtile, we may expect this tranſit will happen again 
%%% ⁵ ( OA 
The number 92 is diviſible by 4, but if it had 
not, you muſt compare the odd years with the 
common and leap years, to find how much the 
time overruns or falls ſhort, in theſe odd years. 
Again for the deſcending node; Hevelius ob- 
ſerved Mercury in the ſun 1661, Apr. 23, old ſtile; 
reduced to London, it happened Apr. 230 4* 52", 
old ſtile. By the nearneſs of the earth and Mer- 
cury in this node, it happens that Mercury and the 
ſun come not in conjunction, in either 6 er 7 years; 
therefore to the year 1661, add continually 13, 33 
nd 46 years, or their doubles, &c. and you will 
oy all the years wherein the tranſit is to be ex- 
pected, when the planet is in its deſcending node; 
which will always be towards the end of April old 
ſtile, or the beginning of May, by the new ſtile. 
Thus add 13 and 46, or 59 to 1661, and the ſum 
18 1720 for the year when a tranſit will happen. 
Alſo to 1720 add twice 33 or 66, and the ſum 1s 
1786 for the year of another tranſit, to be looked 
for Apr. 23* 5*. The laſt odd year is a common 


. 


„„ „ ww fray 


* oy 


» * 
c 


year of 365 days only. Therefore add 6 hoon, mY 


Ht” 


Set. V. E L AN E „ ©. 
and the time is Apr. 234 11, old ſtile, or May 5* Fig. 
Ines U ‚ . 0057 paety ? | 
4 Dr. Halley has calculated the times of the tranſits 


a of Mercury as follows; for the old ſtile, 
{. Tears Month | Years. | April 3 
I R I 
p- 1677 FW b. 28 0 280 1661 [32 4 52 
er 1690.] 30 18 2/1674 [26 12- 29 
ne 1697 23 18 rx 1907 114 {22 i 6 
to 1510 | © 25 11 45 % 8 
* 8 | 1723 e fer wn a 
u W ſrrol 22 5 28] 1753 [24 19 e, 
"4 1736 | 30 22 53] 1786 22 18 57 
in 1743] 24 23 2] 1799 26 2 341 
1756. d RO 
ad . 
he T 
he 1782 |Nov. 1 3 44 
. 1789 Oct. 25 3 53 
ob- . | . 
1 2. For Venus. | 
2, Here P = 365.256, and p = 224.700. Whence 


er- . * ; 
the 5 = > 7 &c. omitting. ſome ſmall 


1 fractions of no conſequence. T herefore if a tranſit- 
Þ —_— at any time, it will probably appear again 
» after 8 years, or 235 years, Or 713 years, or their 


compounds; but not often after 8 years, their pe- 


N riods not being near enough in that ſmall time. In. 
0 the year 1639, Nov. 24 6* 375” old ſtile, Horrox 


8 obſerved Venus to tranſit the fun, being in the af - 
_ cending node. Add 8 and 235, and it is probable. 


5 it will appear again in 1747, and 1874, towards 
hed the end of November, old ſtile, © © * | 
on | Again, for the deſcending node, Dr. Halley: 
oe computes that Venus will appear in the ſun in 1761,, - 


and R 3 about. 
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about May 25* 18", old ſtile, or June 518, new 


ſtile. Therefore ſhe may be expected to be ſeen 
again in the ſun, in 1769, June 5* 18. And in 
1796, June 9* £*, and in 2482, June 104 g, &c. 


. Halley has calculated the tranſits of Venus 


as follows, for the old ſtile. 1 
beg Years | Novem. | Years | May | 


1874 [26 16 446} 1769 [23 11 0 
L212 126 16 1 2004 128 19 1 


- SCHOLIUM. | | 
It may happen that our computations may mils 


the true time, ſeveral hours, or even a day or two, 


or perhaps the tranſit may not happen at all; oc- 
caſioned by the periods æ, y, not being exact. For 
if the error that happens to be in one of them, be 
often multiplied, it will amount to a conſiderable 
difference in the end. But theſe errors may be 


rectified, by finding the heliocentric place of the 


2 4 Ind the time of the ingreſs and egreſs of an in- 


planet at the time expected, and comparing it with 
the place of the earth at that time, as in the next 


PRO P. XVIII. Prob. 


ferior planet, paſſing over the ſun's diſt; and its near- 
£ft diſtance from the ſun's center. RD 


Find the time (by the laſt Prop.) when the tran- 
ſit will nearly happen. For this time find the place 
of the earth, and the planets heliocentric longitude. 


If theſe agree, they are then in conjunction; but if 


not, the time of their conjunction muſt be found 


thus. Put P, p for the periodical times of the 


* — 


earth 


* earth and planet z then 360 Peg. which Fig: 

in the planet gains at the 15 in a. dar, HH = 
> Then fay as De: 1% : : difference between the 

1 earth's and planet's. heliocentric places in degrees: 


to the time in days, to the conjunction, or paſt it; 
according as the earth or planet is foremoſt, But 
if that time does not ſtill hit the time of conjunc- 
tion, the ſame operation muſt be repeated till it 
does; or elſe the exact time will be found hy the 
rule of falſe, or the- method of trial and error. 
When you have found the: heliocentric places of 
the earth and planet to agree, you have their pla- 
| ces, being then in conjunction; and at the ſame 
15 time you have the place of the node, and the diſ- 


0, tance between. them.; and by your calculation you. 
- have the daily or horary motions of both. the ſun. 
or and planet; and having the inclination of the or- 
de bit, which is the planet's path upon a fixt plane; 
le from theſe data, the path of the planet on the 
de moveable plane of the ſun's diſk. will be found, its 
he _ diſtance from the ſun's center, when neareſt z. and: 


th the time of the beginning and ending of the tranſit. 


1 Example. | : 
To. find. the time of the tranſit of Venus in- 
1769. By the laſt Prop. the 'time will be about 


4 June 5 18*. Then by Prop. XII. and XIV. on. 
1 june 55 . 18, : 2 | | 5 : 
© placeis — 815 400 2g | 
1 2 place — — 8 17 8 8 5 
ce 9 paſt the conjunction. 1 27 45 = 4626.7 
le. : <2 8 | 3 ; | s 
1 Here p.= 224,66, and — z = 1.60214, and. 


n 12 = 98361, whence D =. 1.602 14.— 98561 
en 
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| ©: 5 55 1.4625 1 5 5 05 
= ,61653*. Then 575; = 2.371" = 2" 8" 548 


14*, the time paſt the conjunction; therefore the 
conjunction was about June 309 5" 46% Again, 


for June 30 9* gu 465, 8 
place is — 8* 13˙ 24 13) 
9 place — — 8 13 22 33 


9 ſhort of the conjunction 1 40 = . 0278%½n 


Then by theſe two errors the true time will be 
found June 30 10 9 27% At that time, 


© place is — — 8* 13 26! 40“ 


9 place es —_ _ 8 13 26 45 
place of the deſcend. node — 8 14 33 46 


And Venus ſhort of the node — 1 7 o 


The time from June 3* 9 fu 46*, to the con- 
junction, is 11 3” 41* = 63.68"; and the ſpace 
gone thro? in that time by Venus, is 4/ 12” = 4/2, 
and by the earth 2 32” = 2.533. F 

82. Let S be the ſun; ETB the earth's orbit, an a 
portion of the orbit of Venus, VIC its projection 
on the plane of the ecliptic, N the node. Let the 
earth be at E, Venus at à in conjunction with the 
ſun at S; then AS, aV are perpendicular to the 
plane of the echptic. Thro' S draw a plane perp. 

to SE, cutting the plane of the ecliptic in the line 


SN; then the earth being at E, a ſpectator will ſee 


Venus at a, in the plane ASN at A, where AS is 
perp. to SN. Now. the way of a bedy or planet 
upon a fixt plane, placed at a diſtance from that 
body; ſeen from a moveable point, is different from 
the path ſeen from a fixt point. Let the earth 
move from E to T, whilſt Venus moves from V, 
or a ton; draw Sy and SIT, Now if the earth had 
flaid at E, Venus at ux would appear at N, and 
would ſeem to deſcribe the path or way AN. = 

| as * 


i 
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the earth being really at T; Venus at u will a 
pear at D, in the line TAD. And therefore N. b. 82. 
will ſeem to have deſcribed the path AD, to a 
ſpectator moving along with the earth. | 

To find the time of Venus moving thro' Vn, and 
the arch ET or VI moved through by the earth 
in the mean time. The diſtance from the node is 
1* 670 z therefore ſay, as 4.2 (ſpace) : 63.68 
(time) : : 67“: 1016" the time of Venus paſſing 
to the node. Alſo as 63.68" (time): 2/.533 (the 
earth's motion) : : 1016” (time): 40/.4, the earth's 

motion in that time = arch ET or VI. Alſo at 
V the. heliocentric latitude of Venus is 358“ 
3.966 north = angle aSV. Hence we have aV = 
2.966, Vn = 67', VI = 40.4, and. In = 26.6; 
but theſe are the heliocentric motions; and to re- 
duce them to the geocentric motions, as they ap- 
pear in the figure ASDN; we muſt find the diſ- 
tance of Venus from the earth EV, and from the 
ſun z at the time of the conjunction. 


Log. diſt. of 9 is 4.861095, and the diſt. 72626.5 
Log, diſt. of © is 5.006566, and the diſt. = 101523. 


the difference 28896.5 


this is the diſtance of Venus from the earth, or EV 
= 28896, and SV.= = 726263 therefore EV : SV : 
28890: 72626 :: 1: 2.5133 then we ſhall have, 
EV (i): VS bs 513) : aV or SaSV (3 966); 
<aEV = 9.968 the geocentric latitude Aas. 
Alſo fince SN ſubtends the angle SEN or VEn, 
and SD ſubtends the angle STD or IT; ee | 
EV (1) : SV (2.513) :: VSn or Vn (67) : 
VEn or SN = 168.4; and 
. SV (2.513) :: ISI or In(26/.6) : ITA 
or SD = 66.84; and DN = 101/.6. Then in the 
88 angled triangle ASD, we have the ſides SD, 
A given; to find the angle ADS = 8* 29 the 
angle 
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angle of the planet's apparent way with the eclip- 
te” and the arm de. 1 Sym ; ; uo 

In the triangle ASP, draw SP 2a to Da; 
then by ſimilar triangles, DA (67 57) : SA (9. 968) 

: DS (660.84): SP = ql. 86: : SA (9.968) : AP 
= 1.47; and SP is the planet s neareſt approach 
to the ſun's center. Then AD: AP: : 1016” (time 
of deſcribing AD) : 22,14” = 22" 8˙ this added 
to June 30 10 gn 2 the time of the conjunction, 


gives June 3 10* 31 35* for the middle of the 
tranſit. 


The ſun's apparent ſemidiameter, at the time of 
the conjunction i is 15! 50%. Therefore if FGH be 


the ſun's diſk, FAG the way of Venus thereon, 


draw SF, SG. Then in the right angled triangle 


SPG; there are given SG (15.83), and SP (9/.86), 


to find PG or P = 12/.35. 

Laſtly AD (67 57): PG (127.36) : : 10164 (time 
in AD): time in AG, orhalf the duration =  39;* 85 
— 35 gÞ 5105 ; therefore the beginning of the tran. 
fit is June 3* 7* 25" 44*; and the end is at 10 3 


206 next morning; and the whole duration, 6* 1 14 


42˙. Theſe things will be ſo if Dr. Halley's tables 
are true. And therefore in England we may fee 
the beginning of the tranſit, but neither the mid- 


dle nor the end of it. 


SCHOLIUM. 


It may be obſerved that .61653 is a conſtant 
number for Venus in either node; and in all tranſits 
of Venus in the deſcending node, the ſun s appa- 
rent ſemidiameter will be conſtantly 150 50%; the 
apparent way of Venus with the ecliptic, 8 293 
the diſtance of Venus from the ſun and from the 
earth, 72626, and 28896. But in the ending | 
node, they will be different. 


PROP. 
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PROP. XIX. Prob. 


To find the time of the beliocentric conjunttion of 
any to planets. 


Let p, q be the periodic times of the two planets, 


p being the greater. Then 7 7 


- will be the mean 


time between one conjunction and another, when 
ſeen from the ſun. 
360 is | 
For p: 360: : 1: Ne the degrees gone thro 
in a day by the ſlower planet. And : 360:: 1: 
2 the degrees gone through 1 in a day by the 
1 


© ᷣ = 
 Frifier planet, Therefore 7 2 


5 grees gained in a day by 1 3 Whence 
= 42 + x* : < %o: of gaining the whole 


4 
| 60 * | 
circumference = — 22 — 


> ET 
9 '- Þ 7 5 


* 


in days. 

Ihen if the time of one heliocentric conjunction 
be known, the mean time of the next will be known, 
and the mean times of all ſucceeding ones. There- 
fore (by Prop. 14) calculate their heliocentric pla- 
ces to that time, and note the error; and it will 
eaſily appear whether the true time is paſt or to 
come, by conſidering whether the ſwifter or ſlower 
planet is foremoſt. Then aſſume a new time ac- 
cordingly, and calculate their places again, and 
note the error. Laſtly, from theſe two errors the 
true time will be found by the common methods. 
And this time may be proved by a new calculation 

« of their heliocentric Places, 5 8 | 

Cor. 


cee (fd I 


5 . — —U— ß —᷑ L— — = 
— — K 8 
- - 7 — : 2 Aw = 
— — — 3 — * 8 — — 2 *"J%. PLOTS > 4 2 _ FE w = " 
— r 1 8 = = — ACE: - — q e 9 2 - 
oh, — — 5 8 aq FY "=>, —_— n Wy. . yy + a AUA 1 2 4 — 
* 7 *% N Q =. x 2 A F - . 2 3 Fo PII 89 4 > I 6 
g * — — 5 p FS ene — , = — — 1 6 — . * 
AA not * Wa, 4 a * — 2 r — — mY — 3 . 2 My A 
— : Am 2 by on 8 988 
— — — — — _ — — * 1 aaron ads ; — - - 2 — 4. 
— 5 — __ — — —— 3 — r . 4 tn wen wo — — te — — — ae ns | — — — — — — 
hos - — — nad. — — 2 8 
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Cor. Hence the mean time between one heliocentric 
conjunction and another, will be for Saturn and Jupiter, 
about 20 years, Saturn and Mars 2 years, for Jupiter 
and Mars 25 years. And for any ſuperior with an inferi. 
or planet, ſomething more than the periodic time of that 
inferior. And laſtly, for Venus and Mercury about five 
months. \ 5 


0 
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The geocentric conjunctions of the planets, can 
be had no otherwiſe than by repeated trials, by rea- 
ſon they do not revolve regularly about the earth, 
as they do about the ſun. As the two higheſt pla- 
nets come neareſt to a regular motion round the 
earth, their geocentric conjunctions will differ but 
little from their heliocentric conjunctions; and will 
happen a little ſooner or a little later, according as 
the earth is on one ſide or the other of its orbit. 
Therefore ſince there was a conjunction of Saturn 
and Jupiter, March 14, 1762, there will be no 
more till the year 1782. The geocentric conjunc- 
tion of Mars with either Saturn or Jupiter, may 
happen a good while before or after the heliocentric 
conjunction, becauſe the orbit of Mars is near the 
earth's orbit; and that difference of time will de- 
pend upon the place of the earth in its orbit. The 
time of conjunction of any inferior with a ſuperior 
planet, is more uncertain ſtill. And it may hap- 
pen, that two conjunctions may be within a little 
time of one another, and that is, if the Sun be not 
far from a conjunction with the two planets. And 
in general the interval of time between the geocen- 
tric conjunctions of an inferior with a ſuperior pla- 
net, will be a year and ſomething more; for the 
earth has to make a revolution, and OY 
more before the inferior can come again between it 
and the ſuperior ; and eſpecially in Mars, where 
the time will be prolonged, by reaſon of his ſwit- 
ter motion, Venus is ſometimes in — 
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ſeldom. - And when ſhe 1s direc}, chere is but a- 
bout 4 of her orbit, wherein ſhe can be in conjunc- 
tion with Mercury; and when ſhe is there, ſhe will 
be in conjunction with him generally once, and 
ſometimes twice. So that in about 20 months (the 
time of Venus revolving to the Sun) ſhe will be 
once or twice and ſometimes thrice in conjunction 
with Mercury ; all which are irregular, and the 
times uncertain without particular calculations. 


PROP. XX. 


The times, in which different comets move thro ſi- 
wilar parts of their orbits, are as the ſquare roots of 
the cubes of their peribelion diſtances. 


the places of the comets. Then (Prop. II. para- 
bola) 4SP and 45p are the parameters of the orbits. 
And fince PN, pn, are by ſuppoſition, ſimilar parts 
of the orbits; the areas SPN and Sn, will be as 
Sp and . Let T and 7 be the times of deſcri- 
bing PNS, and pns; alſo let pbs be deſcribed in 
the time T. Then (by Cor. 2. Prop. 16. centri- 
petal forces), area PNS: area pbs : : VPS: 
Vas: : VS: I. And (by Prop. 11. ib. ), 
area pbs: area pns:: T: 7. Therefore area PNS : 
area pns: 2 T ps: s; that is, PS* : ps* : 
„ pe; whence 7 ty/ps = ps x 
TVYPS, and PS* x 1 MK ,. Tec: 
PS? : pst, 


Cor. 1. Two comets wil have. the ſame true anoma- 
ly in moving from the perihelion, in times, which are 
in the ſe ſquiplicate ratio of their perihelion diſtances. 
And their diſtances from the fun Wm be as the peri- 
belion diſtances. - 
or 


with Mercury, when ſhe 1s retrograde ; but very Fig. 


Let PN, Pn, be the parabolic orbits of two co- 92 
mets; 8, 5, the foci; P, p, the perihelion; N, , 93. 


254 
Fig. 
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| For PNS and pns being ſimilar figures, the an- 
gles PSN and py are equal; and SN to n, as SÞ 


o b. 


Cor. 2. If a comet's peribelion diſtance be equal to 


' the mean diftance of the ſun and earth; it will def- 


cribe a quadrant of its orbit POS in 109 days, 14 


hours, 46 minutes, 12 ſeconds. 
For let SP (p) = mean diſtance of the earth = 


1, the time of deſcribing the area POS = x, and 
2 = area the earth deſcribes in that time, ? = pe- 


riodical time of the earth ; then (by Cor. 3. Prop. 


XIV. centrip. forces) ay/2 = area POS = +; and 
3.1416 = area of the earth's orbit; therefore : 


& : 3.1416: 4; and a = 3.1416, whence x = 


109.616 0 
3 . 1 1 


Cor. 3. F p be the peribelion diſtance of any co- 


met; the time of its moving from the peribelion thro 


92. 


90 degrees of its orbit, is 109.6 Ap days. 


For 1: 109.6: : %: 109.6 * pp days. 
PROP. XXI 

Having given eitber the comet's true anomaly, or 

its diſtance. from the ſun; to find the other, and the 


time it is there; and alſo the area, or mean anomaly 
proportional thereto. | | 


The comet's orbit, and the time of the perihe- 


lion are ſuppoſed to be known. Let PNO be the 


orbit, S the ſun, P the perihelion, N the place of 


the comet. Put the perihelion diſtance SP =-p, 
comet's diſtance SN = y, col. true anomaly PSN 
= 2, and v = verlſ. ſupplement thereof; alſo : = 


109.615 days, the time of a comet's deſcribing a 


quadrant, whoſe perihelion diſtance is 1, equal to 


the 


— 
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the mean. diſtance of the earth; D = time from Fig. 

the perihehon. 5 | 92. 
Then (by Cor. 1. Prob. XXII. Sect. VJ 

4 wed I, whence 2 = 2p =, and 2 + * 22. 


therefore y = = 7 N — 2, becauſe 22 I + 2, 


| by trigonometry. 


Allo (by Cor. 2. ib.) 8 psN = 2 2 


3 
V pp, and the quadrantal area PSO = 295. 


Then (by Cor. 3. Prop. XX.) 1 = time of the 
comet's deſcribing PSO or 4pp and area PSO 


2P. +. 
(422) Ip : ares PSN ( 2 2 =) 


D; therefore — 2 * ——_— 7 =D, = num- 


ber of days from the petihelion. 

Therefore if 2 or v be given y is Enden and 
the contrary, by the equation vy = 2p. And y 
being known, 18 Known, by the * equation 

5 2H ; 
2 — b, and the area PSN alſo. 
| 7 Exawple. 


In the comet of 1748, whoſe perihelion diſtance 
is .84067, and time! of the perihelion Apr. 17* 
19* 26”, let the true anomaly be 40 degrees. Ta 
| find the diſtance, and time it will be there. _ 
Here x = .76604, and vor 1 ＋ 2 f. 76604, | 
5 2Þ 1.68134 


whence . æ 55586 = = 9958204, and 2p + 


y = 2.63338, and y — p = .11137; whence 
25 K, „ 263338 X 199.615 | 
* 24: 093 days = = 24 * 59" „which is ; beſt cond 
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Fig. by logarithms. o the time will be May 114210 
92. 8 


4 


Cor. 1. Fc be the * of half the true anoma- 


f ty; then the” comet's diſtance, y = 5 — radius being 1. | 


_ For by the principles of crigonomerry, V = acc. 


Cor. 2. Having the time from the peribelion given; 


the diſtance, and true — wad be Potts ty e. 


ducing the equation * 6 — 3 7 — =p= =Dz which | 


will be an adfeftrd cubic equations. 


Cor. 3. Hence a table may eaſily be 5 for ful 


| 7 the time-when a comet will be in amy given place 


its orbit; or on the contrary, | to find in what point 
its orbit it 105 at any time given; and 16 gene as 
Ne | 
Since a comet, at the diſtance of * PEAR Jef. 


cribes a quadrantal area, in 109.615 days; there- 


fore if that area be divided into any number of e- 


_ parts, as ſup pale 100; one of theſe parts will 


12286, which is the part of the area which | 


the * daily deſcribes, or rather divide the qua- 


drantal area into 109.615 parts, that is, as. many 
as there are days; and the comet will deſcribe one 

part every day, and any number of parts in the 
ſame number of days; and therefore theſe parts or 
days will ſtand for the mean motion, ſimilar to de- 


grees. 


Therefore take the angle PSN ſucceſiyely. equal 
„ *, 4: „ „ KC.) degrees, as far as conveni- 


ent, for the true anomaly. Then y is had; the cor- 


reſpondent diſtance ; which diſtances are to be ſet 
againſt the true anomalies in the table; Then y be- 


ing had, D will be had or the number of days 


from the e and N _ are alſo to — 
| t 


dect. V. . NI SS aa 
ſet againſt the true anomalies in the table. The Fig. 
table being thus conſtructed, will ſhew the time, 92. 
and the comet's diſtance from the perihelion, for 
any given true anomaly; if it is even degrees; if 
not, by taking a proportional part. And on the 
contrary, having the time given, one may, by the 
ſame table, find the diſtance, and the true anoma- 
ly correſponding thereto, in their ſeveral columns, 
by taking a proportional part, when neceſſary. 
And that with the ſame eaſe, as finding the number 
from a given logarithm, by the common tables. 
haut if any one had rather have a table where 
the time or proportional parts of the area, increaſe 
uniformly ; the former is eaſily transformed into 
ſuch a one, by placing the time, or parts of the a- 
rea, which repreſent the mean motion, in the firſt 
column, increaſing by 1, 2, 3, 4, &c; and find- 
ing the correſpondent angles PSN, and diſtances 
SN, from the ſaid table by taking proportional parts. 
And putting theſe ſeveral angles and diſtances in - 
the ſecond and their columns; tho' the diſtances 
are not ſo material, being eaſily found from the true 
anomaly. And thus a table will be conſtructed 
eaſier than by continually extracting the root of an 
adfected cubic equation, with three terms, for e- 
very number, to conſtruct it by. Such a table is 
the following one, by the help of which, the place 
of any other comet may be found for any time. 
For if p be the perihelion diſtance of any comet, 
then if you take pi to 1 (or Vi; as the time 
given, is to a. fourth quantity; it is plain (by 
rop. XX. Cor. 1.) this quantity is the time, in 
which the comet p has the ſame true anomaly, as 
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the comet 1 has in the given time. Therefore, 

looking for that time fo found, in the table; you 

ö will have the true anomaly of the comet p. And 

; the diſtance againſt it being multiplied by the pe- 1 
: rihelion diſtance, gives 17 true ditan tance. : | 
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Fig. In the following table, the firſt column is days, 
*. and repreſents the mean motion; the ſecond is the 


true anomaly, or angle from the erihelion reck- 


oned in the comet's orbit; the third is the loga- 


rithms of the diſtances, inſtead of the diſtances 


the mſelves. 


A general TABLE J® calculatin the motion of Comets in 


prong its. | 


"Logar. 


— 
; Diſtance. 
L 


Angle from 
Days TE Diſtance 


e N 


7 59 44 1 — 


o. o02 57 [ 32 40 49 300. 056261 
o. 00577 33 41 53 90. oe 
ooo 34 442 56 x9 .002410 
ooo 35 4. $58 3510.065596 


36 44 59 $8j0.068768 


38 47 O 20. 075 202 
39 ) 88 44.8464 


49 53 32/0.085065| 


2.012179) 44 ß65z 39 15.095111 


45 5368.875809 46 54 28 3100.107888 
190. 07760 47 55 17 2610. 105289 
5 8 310. 108699 

56 58 190 o. 112118 
2880.118844 
58 37 20.118971 


0 27. o 1970 


40 43 56 34.081757 


[2.009026 | 42 50 49 38,0.088397 f 
51 44 520.9174 


45 51 32 48.098496 


69 25 18. 122399 
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031207 12 150. 125830 
1700.033742 58 440.1292601 
55__27]0:030350 44 3010-13269; 
5 4510.039030 29 3200.135122 

1100.041772 13 5200. 139544 
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; Days 


— 


61 


78 


81 
82 


70 75 


Angle from 
the perihel. 
o 7 7. 


Logar. 
Diſtance. 


— — 


23 
22 


42 


2 


. 


0.153177 
0. 156565 
0.159945 


0.163315 
o 166676 


0.173350 


75 30 
70 2 


6 54 


28 


17 4000. 202784 


18 
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80 (77. 25 23 


0.205978 
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0.212321 
0.215472 
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25 
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Days 


—— 


112 


114 
116 
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Angle from 
the perihel. 
0 7 ' if 


010.350330 
o. 3609244 
0.305463] 


Logar 
Diſtance, 


9.312458 


0.35 1084 


0.369945 
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102 14 
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103 27 18 
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81 47 


180. 243040 


0.237034 
o. 240048 
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82 14 25[0.246027 
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Fig. Jangle from \ Logar. |] angle from 
ag Days [ths peribel, Diſtance. Days ſche peribel, [Di 
0 IL o & A 
204 [110 59 43'0-493692]] 510/132 33 1510. 
208 ff 33 40.499959 $201132 54 81,0. 
212 [12 6 40ſo. 506119 530133 15 50. 
216 {112 38 440.5 12173 5400133 36 1500. 
220 [113 9 660.8181200 359-133 56 70. 
224 113 40 170. 523982] 560/134 15 27.820859 
228 [114 9 510.5297380 5701134 34 17826518 
232114 38 40.535386 580134 52 390. 832082 
236 [115 6 4310-540928) 5901135 12 33 0.837545] 
240 [115 34 50.546363] 600135 28 © .842910| 
| 244 {116 o 460.55 736 620/136 1 40 853370 
| 248 [116 26 49[0.557021 640[136 33 45.863477 
252 j116 52 140. 562227 60037 4 2500.873267 
256 [117 17 30.567354] 680137 33 4458274 
{ 260 [117 41 18.572402  7ooſ138 1 5110.89tgg1 
254 118 5 ofo.577387] 720138 28 480. 900800 
| 268 118 28 100O. 5822930 749 138 54 40[0-909549 
I 272 [118 50 49.587120 760130 19 3310-917984} 
276 119 12 5800.591869] 780139 4: 30[0.926191 
| 280 f119 34 3912:598537]|__80o[140 6 3.24 
{ 284 39 55 752/0601112 8200140 28 $50109.941970 
283 120 16 3800.605646 840140 50 18.949557 
392 120 36 590. 604 8600141 11 20.956956 
296 120 56 55 (0.614593 8801141 31 50.954779 
300 [121 16 27%. 619006] 280141 8 30ſo. 9712380 
310 [122 3 12.629587 920 170.978 130 
4 320 [122 48 3400.639893 300. 984972 
330 {123 31 24%. 649924 1000. 99 1466 
| 340 124 12 26[0.65968 1910.997922 
ll \ 350 [124 51 3800.659161 5711.004235| 
I 350 125 29 13.678367 3101.033967 
1 370 [126 5 14.687298 4201.061013 
| 380 [126 39 5300.695954 2011.085817 
390 27 13 10.704335 451.1087110 
f 400 [127 45 1210.712442 148 : 111129978 
b 4io [128 16 210.720481 149 7 55[1.149817] 
| 420 128 45 490.7 28285 170049 48 © 1.168416 
| 1 430 129 14 310. 735887 1800150 25 61.185921 
i | 440 129 42 160. 743315 1900150 59 17/1 202451 
i | 450 [130 9 40.7564 28000 31 211-218103 
| 460 130 35 3 0.757663 2500153 41 4811.285925 
I 470 |i31 © 90.764688 gooofigs 20 24 1.341028 
#$ 480 |131 24 31.771374 40090187 42 2811.427475 
li | 490 131 48 6b. 7 8 goooftsg 22 341-49425! 
| | 500 [132 11 1,7845060 100063 45 131699705 
| I = 3 ioo 72 32 
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To find the place of a comet in its orbit, at a given 
time. ink & | | 


1. Find the ſun's place and diſtance for the 


time given, by Prop. XII. | 


2. Find the difference hetween the time of rhe 

thelion, and the time given; and reduce it to- 
days and decimal parts of a day. Find its loga- 
rithm, from which ſubtra& 5 the log. of the peri- 
helion diſtance ; find the number of the remain- 
ing logarithm, and that is the mean motion of the 
comet. | 3 
3. Seek the mean motion in the firſt column 
under the title of days; againſt which, in the ſe- 
cond column, you have the comet's true anomaly, 
or angle from the perihelion; and in the 3d co- 
lumn the Top. of the diſtancgcte. 

4. To this log. diſtance, add the log. periheli-. 
on diſtance of the comet; and the ſum is the log. 
of the comer's true diſtance from the ſunn. 

5. Find the angular diſtance of the perihelion-. 
from the node (by column 2 and 4, of the table 
of comets) ; and having before, the angular diſ- 
tance of the comet from the perihelion; by adding 
or ſubtracting, as the caſe requires, you'll find the 
angular diſtance of the comet from the node, or 
the argument of latitude. A ſketch of a figure. 
will be uſeful here. | 3 
6. Then having the argument of latitude, an 
inclination of the orbit; the comet's place reduced 
to the ecliptic, the heliocentric latitude, and log. 
curtate diſtance from the ſun, will be found by the- 
common rules of trigonometry. And'thence the 
comet's heliocentric longitude. Ne 

7. Theſe things being had-z by the- very ſame 
rules that the geocentric place of a planet is found, 
tie geocentric place of the comet will be found. 


i. | Ex. 


— PR 
————— N RRP = — — 
— eh.” > . — 9 — 232 — _ — 
P ͤ TT. 


_— — 
U 


met of 1744. And let it be required to find its 
Place January 5, at 9 © clock at night. 
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Example. 
Loet us take for an example, the glorious co- 


Sun's long. at that time 297 211 7 
and the log. diſtance —1. 992935 _ 


difference of. times 44" 23 4 


thats — 44.961 


Log. 44.961 — 1.652836 


3X —1. 347325 ſubtr. — 1.20987 
bis: mean motion 2.631849 
mean motion — 4428.40 
true anomaly — 129 2 584 8 CP. 


log. diſtance — 0.734671 


log. perihel. diſtance —1.347325 
log. comer's diſtance  _ 0.081996 = SC. 


ang. diſtance of the | en 3 
perihelion and — 151 23 49 = arch NCP 
anom. ſubtract : — 129 9 58 = * CP 


argument of latitude 22 13 5i N 


reduced to the ecliptic 15 33 4 = ND 


com. heliocent. lat. 16 3 13 =:CD 


95. 


lon. of the aſcend. node 45 46 11 
add the reduction 15 15 33. 4. 
com. heliocen. longit. 561 19 15 


the earth's longitude HEY, -- 
angle of commutation 50 1 52 = ESC 
log. curtate dift. of the _- 648 = SC. 
comet from the ſun * TOY 9 


the angle of elongation Oe 
add to the ſun's {24% 70 47 7 = : SEC 


the comet's geoc. long. 8 8 14 


N and com. geocent. lat. 18 10 41 N. 


„ n 00 


Lest. . , N TT 27 262 
Let NCP# be the comet's orbit, S the ſun, Nu Fig · 

the ſection of its plane with the plane of the eclip- gd. 

tic, N the aſcending node, P the perihelion, C 

the comet's place, moving towards P; let CD be. 
erpendicular to xx. „„ 

Then the angle PSC (129 9 38) is the anomaly 
SC the diſtance, angle NS the diſtance of the pe- 
rihelion and node (151 23 49); the angle NSC or: 

arch NC (22 13 5.1) the argument of latitude, be- 
ing what the comet is paſt the node, in its orbit; 
ND (15 33 4) its reduction to the ecliptic; COO 
(16 5 13) the heliocentric latitude. Then ſince the 
comet is gone paſt the node, and direct; the arch. 
ND muſt be added to the longitude of the node N; 
and then the heliocentric longitude of the comet at 

D will be 61 19 15. The difference between the. 
heliocentric longitudes of the earth and comet, or 
the angle af commutation, is 56 1 52. £X- 

Then in the triangle SEC (made by the ſun, 95. 

earth, and comet; ) two ſides, ES, SC are given, and 
the included angle ESC; to find the angle of elon- 
ation SEC (70 47 7 ;) and the comet at C, being 
— the ſun at 8, to a ſpectator at E; the angle 
of elongation muſt be added to the ſun's. place (297 
21 7,) and the ſum (368 8 14, or 8 8 14) is the- 
comer's geocentric longitude. And, the geocentric 
latitude is found by Prop. XII. to be 18 10 41 
north; which are very near what I found them to. 
be, by my own obſervations ; by taking the diſ- - 
tance of the comet from ſeveral fixt ſtars, at that- 
very time, Ny | | „ | 
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Let 


THE PRIMARY 


P R O P. XXIII. Prob. 


The periodic time, and peribelion diſtance if a c- 
met being given; to find the time when the comet wil : 
be in any given point of its elliptical orbit. 


This is to be done by the very fame role. * Was 
laid down for the planets. Let the ſemitranſverſe 


CP = a, ſemiconjugate CB = c, perihelion diſtance 


SP = p, excentricity CS. = x, comet's diſtance 
SN = y, coſine of the anomaly PSN = æ, periodic 
time t, and d = number of degrees in the arch 


bete coſine 15 _ | Then by Prop. . 7 = 5 


ce 


, and the time of 1 PN is = £ 


> ory ney 360 
Ver ESTES] 


7 2.24% 4.1416 


But by the nature of the dip, 24p — =p = 2 


cc, and 1 ＋ p = a, and à is known from the 


riodic time by _ VII; therefore 


V—c ce + 2 — = =: + 2p + 20) —13 
26 44a 
— 3 PP 22 : 4p. 
„ 


where A = . Hence, the time of deſcrib- 


at ne E= p LH, 


ing PN is = — TEX 


Cor. Hence a table. may be made 5 any given co- 


met, to find its —=_ in its orbis at any time ; in like 
manner as was done for the planet's. 


.For if the anomaly be taken ſucceſſively 1, 2, 
3, 4, &c. . 2 will be known for * of 
them, 


„ „ „ wm web Ay eee . 


2} 
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anotber revolving about it. 


Sch. V. V I. A: N R mY 
them, and conſequently y; and thence the corre- Fig · 
ſponding time in moving from the perihelion. All 


which being put into a table, it will be ready for 


uſe. And this table need be continued no further 


than till the diſtance y be ſo great, that the comet 


becomes inviſible. Then by this table the comer's 
place may be found at any given time; by finding 
the time from the perihelion in the table, and 


taking the anomaly and diſtance correſponding 


thereto; uſing proportional parts when neceſſary. 
__PROP. XXIV. Prob. | 
7 find the quantity of matter in auy body that bas 


The quantity of matter in any central body, is 
as the cube of the diſtance of the revolving bo- 
dy directly; and the ſquare of the periodical time 
inverſly (by Prop. VII. centripetal forces). 
Let S be the Sun, E the earth, P a planet, T or 97. 
Q a ſatellite, and let radius PT r, periodical 


time of T or Q =p. Then . quantity of matter 


in the body P is as r or * * | | 
No p or the periodic time is known for all the 
lanets and ſatellites; and to find PT, let ST, EQ 

tangents to the orbit at T and Q; then PT is 

as SP x angle PST ; or PQ, as PE x angle PEQ : 


| becauſe theſe angles are very ſmall. Therefore 
SP x angle PST = PE x.PEQ. Now the great- 
eſt elongation, or the angle PEQ is found by ob- 


ſervation; and at the ſame time the heliocentric. 


| Places of the planet P, and the earth E are known, 


by the theory of the planets. Therefore in the 
triangle ESP, two ſides ES, SP, and the included 
angle ESP are given to find EP, And EP being 


\ known, 
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Fig. known, as alſo PS, the angle PST will be known, 
97. and from hence QT or TP. And therefore the 


quantity = will be known, which is proporti. 


onal to the quantity of mattef in P. 


Therefore it will be as rad: PE: : S.QEP : PQ 
Or elſe PS: PE : : angle PEQ : angle PST the 


heliocentrtc elongation; and then as rad: PS:? 
S. PST: PT. Thus the diſtance of Venus from 


the Sun is known to be 723.4. And PT for Ju- 


piter's 4th ſatellite, is found to be 12.508 ; for Sa- 
turn's 4th ſatellite 8.5084; for the Moon 3.0546. 
And p or the periodic time for Venus, is 224.7; 
for Jupiter's 4th ſatellite, 16.6877; for Saturn's 
4th fatellite, 13.944; and for the Moon, 27.322. 
5 7 | | 


Therefore _ for the Sun, Jupiter, Saturn, and 
the Earth, comes out 7497.83 7.02553. 2.4233 


and 03817. Therefore the quantities of matter 


m the Sun, Jupiter, Saturn, and the Earth, are as 
196420, 184.05 6 
is ſuppoſing the fun's parallax to be 10+ ſeconds, 


and conſequently the angle, the radius of the 
moon's orbit, ſubtends at the ſun, 100 30%. If the 


fan's parallax be more or leſs than 10; the quan- 
tity, of matter in the earth muſt be increaſed or di- 
miniſhed in the triplicate of that ratio; the reſt 
remaining the ſame, _ oy 


Cor. 1. The real diameters of the fun and planets, 
are; for the Sun 10000, Saturn 790, Jupiter 996, 
Mars 57, the Earth 109, Venus 112, Mercury 40, 


For we found before, that PQ is as PE x angle 
PEQ. Therefore ſuppofing QT to be any planet, 


the radius Q (and conſequently the diameter) is 
as the diſtance EP of the earth x by the * | 
- | radius 


1 


3.48; and 1, reſpectively. This 
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. radius PEQ, or by the apparent diameter of the Fig.” 
. planet. But the apparent diameter of the planet is 97. 
50 had by obſervation, and the diſtance EP is known 
from the aſtronomical tables; by finding thereby 
: the heliocentric places of the earth and planet. 
4 The diameter of the earth here given, ſuppoſes the 
| ſun's parallax to be 104 ſeconds. But if the ſun's. 
; parallax be greater or leſs, the earth's diameter 
d muſt be increaſed or decreaſed in that ratio; the 
a others remaining as before. The moon's diameter | 
a is found the ſame way as the reſt. 
. Cor. 2. Hence the denfity of the ſun, and ſuch of the | 
j planets as have ſatellites, are; the Sun 100, Saturn | 
8 65%, Jupiter 95, the Earth 393. „% ö 
bs For the quantity of matter in any of theſe bodies, | 
n is as the denſity and cube of the diameter. There- | 
fore the denſity is as the quantity of matter divi- | 
; ded by the cube of the diameter. But the quanti- ZI 
r ties of matter are known by this Prop. and their 8 
$ diameters by Cor 1. and therefore you will have | 
8 the denſities, in the proportion above laid down. 
N Cor 3. The weight of a body at the ſurface of any 
e planet, is as the denfity and diameter of the planet. 
e And therefore is at the Sun 23.34, Saturn 1.208, Fu- 
- piter 2. 209, and the eartb: . Y 
1 For let 4 = denſity of the planet, r = its radius. 
is Then the weight at the given diſtance 1, 1s as the 
quantity of matter, that is, as dri; conſequently 
a the weight at the diſtance r, is as S or dr. But 
6 at the diſtance r the body is upon its ſurface; there - 
s, fore at the ſurface, the weight of the body is as 
* dr, or as d X zr. But d and 2r are both known 
> by Cor. 2. and Cor 1. And therefore the weights 
. at the ſurfaces, are found as above. | 


THE PRIMARY, 
PROP. XXV. Prob. 
@ planet, and its equinoctial diameter. 


Let S radius of the ſun or planet, f = force 
of gravity on its ſurface, v = verſed fine of the 


radius r. H = equinoctial or greateſt radius. 
Then if the force of gravity f be denoted by the 
ſpace a heavy body Seſcendi in a ſecond at its ſur- 
face, v will denote the centrifugal force- ariſing 
from its revolving; and this is equal to the di- 
minution of its gravity. But ſo much as the gravity 
of a column of the planet 1s diminifhed, ſo much is 


Therefore if the diameter and time of revolution 
be known; the arch deſcribed in a ſecond will 
be known, and v the verſed ſine of that arch. Alſo 

F will be known, by having the gravitating force 


diameters will be found. | | 
Cor. In the earth, the ratio of the axis to the e- 
*quatorial diameter, will be found as 285 to 286. And 


quite inſenſible. In the reſt of the planets, there 
wants the proper data. _ 


SCHOLIUM. 


certain ſpots upon their ſurfaces, Theſe ſpots ad- 
| » | RT -:-4 


To find the proportion between the axis of the ſun or 


arch deſcribed in 1 ſecond by its rotation, to the 


its height increaſed, to make an equilibrium. And 
this is the ſame within the planet as at the ſurface; 
as both theſe forces decreaſe in the ſame ratio. 
Therefore we ſhall have : f—v::H:r. And 
Fef—v::2H:2r, thatisf:f—v:: as the e- 
quinoctial diameter: to the polar diameter nearly. 


upon the ſurface. And hence the ratio of the 


m Jupiter as 110 to 12. In the ſun the difference is 


The times of the revolutions of the planets 
round their axes have been found out by obſerving 


Sect. v. L AN FF. 
hering to the ſurfaces of the planets, revolve along 
with them. Therefore if the time be meaſured 
between the appearance of any ſpot, and its coming 
again into the ſame poſition ; the time of the pla- 
net's revolution is had. Hence the rime of rota- 
tion of any planet may be found, if there be any 
dark ſpots upon its ſurface, that can be ſeen and 

_ obſerved by a teleſcope. But ſome of them af- 
ford no ſuch thing ; as Saturn and Mercury. The 


269 
Fig. 


periodic times of - theſe that have been obſerved 


are as follows. | 
in 235 5 ni 


Jupiter — 9 36. 
Mars — 1 0 40. 
Earth — 23 56. 
Venus — "22 "26 


PROP. XXVI. Prob. 


To determine the diſturbing forces wherewith the pld- 
nets act upon one another; and their effetts. 


Let A, B be two planets, as Saturn and Jupiter. 
Then ſince all bodies attract one another, with 
forces which are as the quantities of matter; the 
Planet B will attract A, and retard it in its orbit 
and at the ſame time A will attract B, and accele- 
rate it in its orbit; but when B has got to C, it will 
attract A, and accelerate it in its orbit; and like- 
wiſe A will attract C, and retard it in its orbit. All 


this follows from the mutual actions of theſe two 


98. 


bodies on one another. And the forces of B and 


A upon one another will be as the quantities of 


matter in B and A reſpectively; and the accelera- 


tion or retardation, will be in the ſame ratio. Alſo 
theſe forces and their effects are the greater, the 
nearer the bodies are; and that in the reciprocal du- 


are 


plicate ratio of the diſtance, Whence, after the bodies 
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Fig. are removed to a great diſtance from one another, 
their effects upon one another become inſenſible. 


And to determine the quantity of force, each 
body exerts on the other. Let D = diſtance of A 
from the ſun. S = quantity of matter in the ſun, 
B and A = quantities of matter in B and A. Then 
the force of the ſun upon A : is to the force of B 


8 3 ; 
upon A:: t N And the like for the 


force of A upon B. Therefore the quantities of 


— 7 
DD BA 
linear error required. 


would cauſe the body A to deſcribe, in the given 
time; and therefore v is the genuine effect of that 


matter in the bodies, S and A; and alſo their dif 
tances being known; the diſturbing force of B up- 


on A, or of A upon B will be Known. 


Cor. 1. Hence the linear error, cauſed by one body 
B ating upon another A, for any time, will be known, 


And that is done by finding the verſed ſine v, of the arch 8 


deſcribed in that time by A in its orbit; and making as 
4 | | 


For the line v 1s that, which the force of the ſun, 


force. Therefore the effect of the force IT: upon 


of Jupiter upon him. 


as 1 to 211. Therefore it is no wonder, if the pe- 
a 1 to | | riodic 


A, vill be found by the ſaid proportion, as all ſi- 


milar effects are proportional to their caufes. 


It is found by experience, that Saturn's periodic 


time is ſometimes 3 13 days, by the action 

or when Saturn and Ju- 
piter are neareſt together, their diſtance will be to 
Saturn's diſtance from the ſun, about as 4 to 9. 


And therefore the force of Jupiter is to the force 


of the Sun, upon Saturn, as 75 to — 75 — or 


* : v: to a fourth, which will be the 


geg. V. P I. A N E T 8 


riodic time of Saturn be conſiderably ſhortened, Fig. 
when its centripetal force is increaſed park. . 98. 


- 7 0p 


The diſturbing force of Saturn upon Jupiter is 


much leſs, for two reaſons, 1. becauſe Saturn is 
about 3 times leſs than Jupiter; and 2. becauſe 
Jupiter is nearer the Sun than Saturn, and ſo the 
Sun's force upon him is more than 3 times as great. 
So that Jupiter is about io times leſs diſturbed by 


Saturn than Saturn is by Jupiter; which therefore 


ʒ ſcarce ſenſible. 


Cor. 2. And bence it is evident, that when a comet 


comes near Saturn or Jupiter, it muſt needs have 


the poſition and figure of its orbit changed, as well as 
its periodical time, from the diſturbing force of ſo great 
a body. A 


For the orbits of comets being very eccentric 
ellipſes ; a ſmall change of the centripetal force, will 


make a great change in theſe orbits; and even be 
ſufficient to change them into parabolic ar hyper- 
bolic ones. | | | 


Cor. 3. Hence, when any two planets (as Saturn 
and Jupiter) are in beliocentric conjunftion. The pe- 
riodical time of the outermoſt will be ſhortened, and of 
the innermoſt lengthened. 20 h 
This ariſes from the action of the two planets, 
upon one another, when ſo near together: For 
the centripetal force of the ſun upon the outermoſt 
will be increaſed by the action of the inner one, 
which ſhortens the periodic time of the outer one. 
And the ſun's centripetal force upon the inner one 
will be diminiſhed, by the action of the outer one 
and that lengthens its periodic time; by Prop. III. 
Centripetal Wow. ** 5 | 
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e 
The Theory of the Moon, and the Satel- 
_ bites ; the Sun's diſturbing Force up- 
on them. The errors in the Moon's 
and Satellite's Motions. Comſtruction 
of Tables, and their Uſe in finding 


/ 


the Moon's place, and time of the Sy- 


 Siges, Moon's Libration, her Quan- 
tity of Matter, Denfity, &c. To 


. find ber diſtance from a Star. The | 


Errors of the Satellites. 


w n ** 3 om. = n 6 * 
hen - 


'Y * 


As the primary planets revolve about the ſun 


as their center of motion, ſo does the moon 


about the earth, and the ſatellites about their reſpec- _ 
tive primary planets. And if the moon was ac- 


ted upon by no force but the centripetal force of 


the earth, ſhe would deſcribe a perfect ellipſis a- 


bout the earth in the focus thereof; the principal 
axis whereof would remain at reſt, and always 
of the ſame quantity; her periodic times would all 
be equal; and the inclination of her orbit invaria- 


ble, as alſo the place of her nodes. And then it 


would be eaſier to calculate her place, than it is to 
calculate the place of any of the planets. 


But ſince her motions are diſturbed by the ac- 


tion of the fun, they become ſubject to ſo many 
inequalities, that it is a matter of the greateſt dith- 
culty to calculate her place exactly. And no ſer of 
tables have ever been made, by which her place 


can 


\ 


Sect. VI. OF THE MOON, & & 273. 
can be truly found at all times; but in an age they Fig. 
will become erroneous and almoſt uſeleſs ; tho' they 
were at firſt perfectly agreeable to the heavens. And 
perhaps no ſet of tables will ever be framed, which 
will give her place true and exact for all ages. And 
what is here ſaid of the irregular motions of the 
F moon, is likewiſe true of all the ſatellites in ſome 
degree or other; tho* by reaſon of their great diſ- 
1 
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tance, they cannot be exactly obſerved here. 
One would be ſurprized that ſo ſmall a matter, 

as a little variation in the ſun's force, ſhould cauſe 

ſo many irregular motions in the moon, as ſhe is 
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$ | found to have; and much more, that they can be [| 
. brought to no certain rules, but ſuch as are in the | 
; higheſt degree intricate and laborious. So that Ii 
| this ſingle ſecondary planet gives the aſtronomers I 
more trouble, than all the celeſtial bodies beſides. ll 
Mention has been made of theſe irregular motions [i 
: in the Schol. of Prob. XVIII. Section IV; and the | 
"= methods of finding the mean quantities of theſe ' 
1 motions by obſervation, is ſhewn in that Prop. 
Gr But to treat this matter at large, in all particulars 
3 relating to the moon's motion, would require a 
f large volume of itfelf, which would not at all ſuit 
_ with the intended brevity, in this courſe of ma- 
I thematics. But that I may give the reader as much 
$ 28. J can in ſo little compaſs ; I ſhall, in what fol- 
| lows, demonſtrate the principal irregularities that 
. attend her motion, and the calculation of her place, 
it by ſuch tables as we have already; leaving the con- 
0 ſtruction of new ones to thoſe that have more time 
| and leiſure, and better convenience; which is pro- 
- perly a work for thoſe that have the uſe and ad- 
„ vantage of obſervatories, where they can prove 
— their truth, and rectify them at pleaſure. But can- 
f not be truly executed by private perſons, that are 
e deſtitute of ſuch helfe. | 
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99. 


and the part TM diſturb the moon's motion. The 


OF THE MOON 
PROP. I. Prob. 


To find the forces by which the ſun diſturbs th 


mol ions of the moon. 


SL:: SP* ; SK*. Then if SK or ST repreſent 
the ſun's force at T, SL will repreſent his force at 


P. Draw LM parallel to PT; divide the force 
LS into the two forces LM acting parallel to PT, 


and MS acting parallel to TS. But the force LM, 


force LM in its mean quantity is equal to PT, and 


by ſo much the force of the earth upon the moon 
is increaſed. Alſo TM in its mean quantity is 
equal to 3 PK, acting in direction PN parallel and 


equal to TS; and this force MT draws the moon 


out of her orbit. Let P, p be the periodical times 


of the earth and moon; then (by Prop. V. Cent. 


Forces), the ſun's centripetal force at = * 1 
. OP” RS . PT 
the earth's centripetal force at P:: PP: 2p þ 


therefore the earth's centripetal force at P = 


PF > PP 


„And this is to the additional force PT': 
__ 5 
— : PT: : PP : pp. That is, the force by 


which the moon is retained in her orbit: is to 


PT 


the increaſe of centripetal force by the ſun's ac- 


tion : : PP: pp: : 178.725 ; 1. Therefore the in- 
I 


* 


creaſe of the moon's centripetal force is ——— 


178.725 
of that force. | 


Alfo force PT : force 2PK or PL:: PF : 3PK. 
Therefore, ex æquo, the force by which the moon b 
| retaine 


Ler CADB be the moon's orbit, T the earth, 8 
the ſun, P the moon; make SK = ST; and let SK: 


sec. VI, AND SATELLITES 275 
retained in her orbit : diſturbing force PL or TM: : Fig. 
PT X 178.725 : 3 PK Therefore the diſturbing gg. 

3 | 95 


. force TM = PT X 1 78.725 * earth's centrip. force | 
on the moon = za the ſine of the moon's diſtance 
from the quadratures x earth's centripetal force, 
J divided by 178.725 X radius. | 
4 Cor. 1. Let C, c be the centripeta] forces of the 
t ſun and earth, 8 = fine of the moon's diſtance from 
« the quadrature, radius = r. Then the additional 
\ | 0 : | 
: farce (PT) = 778.72 5 And the diſturbing force 
e ES. A | 
b (X81 855 178.725 | 1 
18 Cor. 2. Produce TP, and make PR = PL or 
d TM, and draw RQ perp. to TQ. Then QR is the 
n force that accelerates the moon, and PQ is the dimi- 
es ation of its centripetal force. 


& 


For the force PR is divided into the two forces, 
PQ and QR, of which PQ acting towards Q di- 
miniſhes the moon's centriperal force; and QR be- 
ing parallel to the tangent at P, accelerates the 
moon at P. | | | 


Cor. 3. There are four points in the moon's orbit; © 
each 35* 16' from the quadratures, where the moon's » 


b diſturbing force makes no alteration in the earth's cen- 

7 1 

| tral force. "> | 3 

to For the triangles PKT and PQR are ſimilar, 

a0 whence PK : PT : : PQ (PT): PR (3PK) ; there- 

in- fore 3 PK. == PT, or 35 = rr, whence s = 
rr | 


7 = 8.35 16. And when PQ = PT, the 


diminution of the force is equal to the addition, 
which makes no alteration. 


[TD a6: Cor. 


Or THE Moon 


Fi 18. Cort: 4. The mean force PT is = 


ws of gravity at the earth. 
For the force of gravity 1s 3600 times greater 
than ths force at P. 


36 = 873778 0 * 


Cor: 5. K. be whore increaſe of the centripetal on 


Pe EZ 
. Pis 758.723 r 
For rad (7) : $ v2 IT n Lay, PK = = 
e. bs 3 
178-7257 And PR = 3PK = => 178.7297 r And 
rad (7) : ÞR (ares) : 5 LR); PQ = 
3 r 3 3 
778.7277 A PT PQ = whole additional 
etl "1 
force = 7 Gs 


Cor. 6. If A = fine of ice the moon's & ten 
from the quadratures; then the force QR, accelerat- 
ing or Ong the moon's motion in its orbit, is 


ES 
178.725 


Let z = 'S. . or KPT = = cof. PTK ;.then 


rid (r) R (— : : S.QPR (2) : QR = 
1 

178.725 27 

Cor. 7. Hence the mien is accelerated in the qua- 


ow CA, DB; and deren in the 1 aa AD, 
B 


Cor. 8. The 1 which accelerates or retards the 
moon's motion, is greateſt in the odlanis. Por 


1 7 8.7251 = 5r/ 
— = (by trigonometry) 


178. 72 97r 
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For it is greateſt when A is greateſt, that is when Fig. 
2CP is go degrees, or CP = 45%. 99. 


Cor. 9. The difturbing force TM, in the Haiges 
A and B, is 2PT. And therefore the earth's force 
upon the moon in the fyzages, is twice as much dimi- 
_ niſhed; as it is increaſed in the quadratures. 


ret : 5 
Cor. 10. The moon's orbit is more flat in the 6. 
ziges, and more curve in the quadratures ;, and there- 
fare fhe goes farther from the earth in the quadratures. 
For the orbit will be more curve where the cen- 
tral force is greater, that is in the quadratures. 


"PROP. IL. Prob. 


To find the moment of the area which the moon de- 100. 
¶cribes in any place P; ber orbit being nearly circular. 


fl 


Let e earth's centripetal force on the moon, 
s and 2 the ſine and cofine of PTK. Let RPL' 
be parallel to AB, and ſuppoſe the arch Co and al- 
ſo Pp to be deſcribed by the moon in a ſecond. 
Draw: no, Pt parallel to CT. Then (by Cor. 6. 
Prop. I.) the force QR that accelerates the moon 
9 TS. 178.725 % 2r J 178.925rr 1 25 * 
no = ſpace deſcended · at C in a ſecond,, by the 


force c; and 210 or TT = velocity generated by c 


in a ſecond, And the velocity generated (in an 
NF. ef 
178.72577 as: 


equal time) being as the force, 


velocity generated in a ſecond at P, by the force 
b. 7 rr c. And the whole velocity generated 
„„ 
X by all the forces 178,72 577 N ſum of all 8 
For 3 3 | the 


OF THE MOON 
© go  - o 
the T 178.72 gr * = 178.7297 CT * ſum 
of all the Pp X 52 in the arch CP. 
Therefore if TC = r, PK =, TK = 2, arch 
| cP = IV... -> DER. by ſimilar * TP x Pt= 


PK x Pp; that is, —7S = v. Then the ſum 


of all the Pp x S = fluent 8 JS 
7ZZ 


But at C, z = r, therefore the correct fluent 


N E = ſun ef all the Fy X un 


Therefore the whole velocity generated at P, by 


„ * 
dhe force QR, 1s = 775. or, X oF: * 
33 


178. 725. * arr . Whence, o_ s velocity (Co): 


thi of vel = s): : 
this increment of ve ocity (e 2 
X 178.7251 2.55: 2 I19.1E77 : SS, 


Theretore the increment of velocity at any Ms 


P, above the velocity. at © is = m ark. Pp 
kk. 119. 1 57 


= 179.15 X moon's velocity. All this ſuppoſes 


the ſynodic revolution to be 25% 9 43", But ſince 
it is 29“ 12" 44”; the increment of velocity muſt 
be increaſed in the fame proportion; that is, in the 

ratio of 10808 to 10000; and then the whole in- 


3 of velocity at any place P will be = 


112.4PT* x by the moon's velocity, Therefore ” 


velocity at C: to the velocity at any place 25 


Co: CO + ——— — * Co: 112.477 : 112.477 + 


112. 417 


That is, the YOU at C: velocity at P:: 


112.4PT* 
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112.4PT* : 112.4PT* + PK*. And the moments Fig. 


un of the area at C and P (being as the velocities) are 100. 1 
in the ſame proportion. | 9 
ch Cor. 1. Hence the whole increment of the moon's # 
= velocity at any place P, in paſſing thro CP; is as the 1 
im ſquare of PK. But the momentary increment (being it 
as PK YE KT increaſes to the oftants where it is bi 
ry greateſt, and from thence decreaſes to A where it is bl! 
nothing. 2 3 3 : | 
| Cor.-2. The moment ; of the area in the quadrature 1 
2. C, is to the moment of the area in the ſyzigy : : as | 
x 112.4: 112.43 and the ſame is true of he — | if 
7 For if the velocity at C be 112.4, the incre- | | 
= ment of velocity at A is 1 where =; and the | 
whole is 113.4. And the ſame for the areas, de- | | 
): ſcribed in equal times. 
N Cor. 3. Jn the «ants, the moment 5 the area, is 1 
5 to the moment of the area in the quadratures : : as 1 
225.8 1% 224.8. ; x 
Fe For then $3 = + rr, And the velocity or incre- | 
vg ment of the area at C, to the velocity or increment. 
Pp at P, is as Wr $040 fn (ff + rr, ee 
10 248.8. 
es Cor. 4. The * ace 4 bibel by all the additional 
ce velocities, in rat mg foro the quadrant CA, is = 
— 2248 18 8 * CA. Aud in paſſing thro any arch CP, 
n- is as the area of the ſegment CPK. 
© The ſpaces being as the velocities, whilſt the 
moon deſcribes the ſpace Pp, with the velocity at 
he 2 the will (by Prop. II.) deſcribe the ſpace 
Fr pip * Pp, by her additional velocity. And 
” white ſhe deſcribes (the ſum of all the Pp) or 
TY CP, ſhe will deſcribe an additional l = ſum of 


"aj SM | Mm 


_. py THE MOON 
5 4 al the - 112. Arr Pp = —— 112.477 X ſum of all the Py 


A X Sg. But the ſum of all the Pp x 5 = ſegment 
CPK x r. Therefore whilſt ſhe deſcribes CP, ſhe 
N deſcribe (by her additional ey) an arch = 


I CPK 
112. rern 112. 1 7 r Ad whenths 


comes at A, ſhe will deſcribe e. additional arch 
-— CAT I . I 


. Fanny” mY 22404. 
P R O P. III. Prob. 


E find earl the proportion of the * of 
the moon's orbit ; Larp er is little o or no excen. 
rity. | | 


101. As this orbit differs not much from an n ellipſis 
we will ſuppoſe it to be the ellipſis CADB, C and 
D the quadratures, A and B the ſyziges, T the 
earth. in the center. Let the ſemiconjugate AT = = 
», the ſemitranſverſe TC = 
By Ex. I. Prop. XIX. Sect. IL. B. II. Curve TERED 
the radius of curvature at the vertex of an ellipſis is 
2. latus rectum ; therefore the radius of curvature 


2 7 and at C = ny Alſo (by Cor. 5. 
Prop. 5 ) the increaſe of the centripetal force at C 


| (where. 1 N is a the decreaſe at 


57 725. 
A (where 4 i is 


c. Therefore the force 


2 
158. 72 5 : 

.- 179.725 170-725 25. 
a Fg and the force at A is —— 178 7230 
Therefore the force at A to the force at C, is as 
176.725 to 179.72 8. Alſo (by Cor. 2. Prop. II.) 
the n at A is to the _— at C, as 113.4 
i 5 | 9 


« 
%* 
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to 112.4, and ſo are the ſmall arches Aa, Ce de- Fig | 
ſcribed in equal times. But the verſed fines of 
theſe arches are.as the forces 176.725 and 179.725. 
And the ſquares of the arches (Aa, Cc) divided by 
their verſed ſines, are as the radii of curvature in 
A and C. Whence it follows (putting the veloci- 
ties for the arches; and the forces for the verſed 


003-4 ; 112.4 2; 
176.728 179-725 * 5 
VIE 2 = 24 x 2, and 97 x 
UT 8 © 79/7098 
179.725 * ** x3 = 112.4 4 X 176.725 Xy'3 whence 
gh: 3 2:4 112.4 * 176.725 : 113.4 X 179. 725. 
And „ : 5 :: VIZ X 176.725 : 
V1 13.4 X 179.725: : 130.7 : 212 $69. 2 
87.2, Therefore the moon's diſtance from the 
earth in the ſyziges, is to her diſtance in the qua- 
dratures, as 86 to 87. It is to be noted, that Sir 
Iſaac — makes them to be as 69 to 70, which 


doubtleſs are more exact. But ir depends upon a 
very intricate calculation. 


PROP. Iv. Prob. 
To And the variation f the moon. 


fines) chat. e 


The variation is the differewre between the mean 
and'true place of the moon; and is owing partly 
to the elliptic figure of the moon's orbit, and part- 
7 to the inequality of the areas deſcribed in dif- 

erent places thereof. 

About the orbit CAD deſcribe the ſernicitele 102. 
CFD. Thro' P draw BPK perp. to DC, and draw 
TP, TB. Then the angle CTB will be the-mean 
motion, and CIP. the true motion. For the e TC 


, r e , NAGA on a 
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Fig. TPC is to the area TBC :: az TFC to TAC : : 
or as TF to TA. Therefore if BTC 45. deg. 
and BK to PK as FT or TC to AT, that is, as 87 
td 86. Then PTK will be 44 400 87, and BT 
= 19 52, which is one part of the variation, or 
that afriſing from the elliptic figure of the orbit. 
Here if we had made uſe of Sir J. Newton's num- 
bers 69 and 70, we ſhould have had the angle 
. . e 
103. Let CA be a quadrant of the orbit, take Cm = 
435 degrees, and let m be the mean place, a the true 
place, and 7, F her places which ſhe would have 
without any acceleration. Since ſhe moves ſloweſt 
at firſt, her mean place n will be before her true 
place a; and both of them before her place f. By 
Cor. 4. Prop. II. AF = bs X R = 3407; 
and fince both F and m move uniformly, therefore 
Cf is as Cm, and fm as Cm; and fince Cm CA, 
Im = 3FA = 12.01. But (by Cor. 4. Prop. II.) 
Fa: FA (24.02) : : ſegment: CK : area CAT :: 
1427 : 5854 therefore fa = 4.36. Conſequent- 
ly ma (/m fa) = 4.65 = 7 39%, which is the 
other part ariſing from the acceleration. This 
added to the angle BTP before found makes 27 
31“ for the greateſt variation. But if Sir J. New- 
ton's numbers were made uſe of, where the angle 
PTP is 24' 42", the geateſt variation in the oc- 
tants would be 32! 21”. But this is true ſuppoſing 
the moon to deſcribe only go degrees from the 
quadratures to the ſyziges. But as ſhe deſcribes a 
greater angle in proportion of the ſynodic revolu- 
tion to the periodic, or as 10808 to 10000; there- 
fore all the angles are dilated in that proportion; 
and therefore the greateſt equation will be 29 44 
Or from Sir J. Newton's numbers, 34 58“. 


PROP. 
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0 non v. Papi =: Fig. 


being nearly ren. 


Let AgB be the moon's orbit, T the earth, P the 104. 
moon, SA the line of the apſides, Q, q the quadra- 
tures, Nn the line of che nodes. PK, PH, AZ per- 
pendiculars upon TQ, and Nz. Then (by Cor. 1. 
Prop. I.) the force by which the moon is drawn 
out of her orbit is —2— . — . Let 
= 178.725 r 59.975 
PM be the arch which the moon deſcribes in any 
ſmall. time, and ML a ſmall line, which the moon 
deſcribes in the ſame time by the force oa 
as this force is directed to the ſun, the line ML 
will be parallel to TS. As ML is the diſtance 
that the moon is drawn from the arch PM, by the 
{aid accelerative force; 2ML will be the uniform 

motion it has acquired in that time, by the ſaid 
force. Let MP be continued back to n, in the 
moon's orbit, to cut the line of the nodes TN in 
mn. Now ſince ML is parallel to the ecliptic; a a 
plane drawn thro' ML and Mm, will cut the 
ecliptic in a line , which will be parallel to ML 
(by Cor. Prop. XI. B. V. Geometry); therefore 
draw LPI to cut l in /, and the triangles PML 
and Pml are ſimilar, and therefore ml = — , 
but ſince MP is given, and ML. is as the force 3 PK, 
therefore ml is as m PK. Now when the moon 
was at P, the line of the nodes was at Tm, where 
of the plane of the moon's orbit TMP cuts the echp- 
tic. But when the moon comes to L (inſtead of 
M), the plane of her orbit will then be in the 
: plane TLP; and the line of the nodes at TI, 
I, Where the plane TLP/ cuts the ecliptic, hag is 
ore 


OF. THE MOON 


Fig. fore the angular motion of the nodes generated in 
104 that time will be = angle TI. But the angle N 


mT! 1 is as A of Tml or STN; chat is 2 
mP X PK | 

8 mT N AZ; that is, (becauſe by ſimilar triangles | 
P PH Pr PK 

r Pf) * 


= AZ, that is, (becauſe 
PT is given) as PH + & 1 


The line ML is to the verſed fine of the arch 
PM, as the forces that Produce them; that is, as 


ns or as 5 to 59.5557. That is ML : 
bh PM | 


r 89 5747 therefore ML = = T* 


Ky 


79: 872 When P falls upon A, or the moon is 
in the ſyzigy; then 5 = 7, and the angle PML is 
a right angle; therefore in the triangle PML, 


PM* . 
PM : ML ( 18 5 5750 : radius : S.LPM 


or # 1 = = 2MT x 55 5575 And if N be at Q, or 


the — in the quadratures, and Pat A; then 
PM and PL being parallel ro the ecliptic, # and / 
will be at an infinite diſtance, and then the an- 


_ . will be equal to Pl, whoſe fine is 
NT 56 5 9.57 wy And the angle mTI anſwering to 


2M. is the motion of the node, whoſe ſine is 
PM | 
NI 59 Wn Suppoſe PM to be deſcribed i in 


an hour, then PM or the mean horary motion is 
32 50%, whoſe line, as it differs infenſibly from the 


| 32. 50%, 
arch we . have the e = one ng 


59•575 


= UQ 


by the exceſs of the regreſs above the progreſs, they 
are in the whole moved forward. 


being affirmative. 


| ſpeft of the ſun, their mean borary motion is half 


the ben motion of x the nodes at P = 2 X 
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PM = 1) = 33'.18, where all the angles PTK, Fig. 
in other 104. . 


PTN and STN are right angles. 


caſes, the horary motion of the node will be to 
33% 18, as the product of the fines of the three 
angles PTR. PIN and SIN, to the radius cube; 
and the nodes are regreſſive when all the ſines are 


poſitive. But if any ſine changes to be negative, 
the nodes will be progreſſive. 


Cor. 1. The nodes are a ve, Ss cha moon 
is between either quadrature, and the node neareſt 


that quadrature ;” otherwiſe they are regreſive. And 


For in the arches QA and BN; PK and PII 
are both affirmative or both negative. And in the 


arches NQ, nq; only one 1s negative, the "other 


Cor. 2. In any given poſition of the nada er. 


their horary motion in the moon's ſyziges ; and is io 
16.59, as AZ* to AT“. 

Far r U -='z; QE:= »,. PK. 5, tan; ON 
= A&=s, FT =r,.b.= 35a a. 
PM = Z, by the nature of the circle yZ = rx. But 


by this Prop. the horary motion of the nodes at P 
Z x PH x PK 
= = , Et X 330.18. Produce PK — 


and by _— Fees TQ (t) : = (7 —):: 
KD = =, and PD A 
by dall triangles, AT (7) : AZ hs 

6 43 * = : wy = 


again | 


— 3 
r rr 
5 


* 
9 


your — —— . 3 
vs, Har wee * — l on : > * 
G 4 dat 5 een ae * _ x — 
727 2 ny ? e ere rr 8 5 
— . S _ 3 * 5 - W 225 en — 7 — - —— - — — — 
— — — p — 8 1 — dienepttuady * 2 paces, 
- < WW — _ n D. « 8 * — 8 : wy 


— — 8 . * 
r 
N * 1 


r 8 n 


7 
— X ſemicircle Qay 0 


r — Er VS q 4 — Na 
- n 8 — te K 6 — = ates tied 
* — — — —ʒöÜ ]¶ũ «i ß.:f.ꝑ̃j “ “0é bl ů eta - ” — F _ _ 2 
" * y , 
oy * ' * —— 
> — — a — — De Ren — 


(16% 59), 6s We to 1 or as 2. to PT*. 
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13 — 2 . And the ſum of al the — 


motions in the liebe = = ſum * all the 2 — 


6 EE I IT 


„* — 


= = fu. 3 


* n x 


5 eee : 
* * = = = flu. = of 
8 7% — x3 ry BH. 188 
— * + - 87 * area ark + 
— —_ And when * = ar, that ſum is = 


4 


"m _— E 
„ „ arch QAg. 
Again, when P is in A, PH = AZ, and PK = = 
I : 
AT. Then the ſum of all the 1 = 
= 3 ELL 5h 


_h Vas. 35 Up fm fam i is to the latter, 
b Job 


as > to , or as 1 to 2. Therefore if the nodes 


11 
went on with the velocity they have in the moon's 


ſyziges, they would deſcribe twice the ſpace they 
now deſcribe; and therefore the mean motion is 
but half cheir motion in the ſyzig y. 


Z* 
Laſtly, ſince = h = horary motion at A, the 


| PR. 
mean horary motion is 2PT* b, and this is to 2 U 


L, = Q * 


Cor. 
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Cor. 3. If the moon's orbit be an ellipfis inſtead Fig, 
of ihe 0 QAgB; the mean borary motion will be 104. 
contracted in the ratio of the tranſverſe to the cau- 
jugate., © 
For the force 3PK. bein ng leſſened in the ratio of 

TQto TA; 4: line LM, and conſequently the 
angle L. PM will be diminiſhed in the ſame ratio. 

Therefore the horary motion, in any place, and 

the ſum of all the horary motions will be diminiſh- 
ed in the ſame ratio, or as the area of the circle to 

that of the elliplis. That is, the mean motion of 

the nodes in the circle will be to the mean motion 

of the nodes in the ellipſis, as the circle to the el- 

lipfis, or as the tranſverſe to the conjugate. 


Cor. 4 But in the ellipfis, if V and v be 
the moon's velocities in the ſyxiges and quadratures ; 
| the motion of the nodes in the quadratures, to the mo- 


tion in the Hriges, in deſcribing * paris of its or. 


I 
| 7 will be as — to == TY 


For the el of the nodes is as ML, which 
is as the ſquare of the time in MP, and therefore 
erinne as the ſquare of the velocity. 


Cor. 5. Hence the mean horary motion of the 
node throughout the year will be about 8. 17; and in 
the whole year 19.9 deg. | 

The mean horary motion throughout the year 
is the mean of all the mean horary motions, for 
all poſitions of the node. Let ? = TQ, c = 
TA, then (by Cor. 2. and 3.) the mean horary 


e cb 
— — - = — d the fum 
motion = —X—- = f Xs. An 


of all the horary motions in the circle is = 
ch 1 
. x ſum of all the 46 = (becauſe the ſum of 


277k 
7 . 
all the 57 X area of the circle) 5 X area 


QA 


OF THE MOON. 
th. 


chr 
QA —_ 7 Xr Xx circumference QAgB = = 7 ** 


circumference QAgB. 


But when s = 7, the mean horary motion is 


2. and the ſum of all the © == x X circumfe. 


2t 
' rence QAgB; and the mg ſum to the latter, 


is as << to 72 or as 1 to 2. Therefore the mean 


414 24 
annual horary motion of the nodes is 05 th 4 
4 . 
8.176; and in the whole year is 19* 54. 


PROP. VI. 


T be bw variation of the inclination of the moon's 
erbit, is to the borary motion of the nodes : : as the 
fine of the inclination of the orbit, to the tangent of 
the moon's diſtance from the node. 


105. Let NPA be the moon's orbit, Nn the line of 
the nodes, P the moon, Pp a perpendicular upon 
the plane of the ecliptic, NTm the horary motion 


of the nodes. Draw PH perp. to TN, and draw 
pg to cut Tm in g, and draw Pg. Then the 
angle PHp. will be the inclination of the moon's 
orbit, to the plane of the ecliptic when the moon 1s 


© P; and: Pop. is the inclination after an hour; 
therefore HP is the horary variation of inclina- | 
tion. Let p = s.inclination, q = tan. NP, and let 


Ho be perp. to PH, then rad (r): Hg :: : ſine of 
Hgo or PHp (3): fs _ 2 Hg. Then the mo; 


tion of the nodes or * HIT g: variation of in- 


elination or gw Woes or HPo: : Hr : 1 or 


I a 


Ji 3 


hn <2 JC 
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8 rr Ir ⅛—ͤwm̃Äʃʃʃʃ and 105. 
$ Beg = 4 X Tg = K NTm. 


Cor. 1. If Q, q are the quadratnres ; ; NR, x 
quadrants. Then the —_— of inclination is no- 
thing. at the four points Q, R, q, r. And the in- 

clination decreaſes from Q to R, and fon q to r, 

where it is leaſt, and increaſes from R R 7o 49, and 
from r to Q, where it is greateſt. 

For at Q, q the nodes are ſtationary, and NTm i is 

= ©, therefore HPg = o; and at R and r, 9 is 


infinite, therefore 52 * NTm or HPg = o. And 


the inclination decreaſes in the arches QR, and gr, 
And increaſes in the arches 850 and "0 For Fep 
f 18 leſs than PHp, &c. | 


. If TL be perp. to IN, and KP 8 106. 
to D, and let n = number of hours in deſcribing QP, 


7 f = fine of 2ATN ihe double diſtance of the ſun. 
ak from the nodes. Then the decreaſe of inclination from 
2 pnf X area QLDP 
W Q zo P will be = 275 K h 
* 
” Putting the ſymbols as before; then the horary 
HT” 
8. | variation HPg = £ x NTm = Z X Fqp * NT 
5 
: 2 AZ x PH x PK 
. = (Cor. 2. Prop. v =5 PTI* IT” — 5 | 
TX AZ hb 

at = Sx 2 . But PK 
as Xz= AT x; and drawing HI parallel to KD, 
n- we have, by ſimilar triangles, TH : IH or DP: 

| .» DP x T4 
or TZ: AT, whence TH = OY and there- 


X ; ; he . | : DU b | 2 fore 
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Fig. 1 DP x TZ 3 
8 3 N 212 - Yan 8 2 = (becauſe AZ X 


z=Z) ov lhe ag: Aud 


27+ 


rig ſum of all the variations in the arch QP = 


' fun of all the 25 x DP x Pk = fluent of © x 
DP x PK x Z =, 206 x XAT * =I 


Ex Dr NA = A x e QPDL. But as 6 
the horary motion of the nodes is —_ we ſhall 
have QP: n (the number of hours): 2. 


pnfh 
whole variation in tin time = — 277 * IF 


And at R where the inclination is leaſt, the whole 


diminution = ef, x 


277 * 


Cor. 3. i the wk are in the quadratures, the 


variation in the arch f = = 8 And at 


A where it is taft, n 205 *. 


Inn this caſe the area QPDL is infinite, and'f = 
= "Peony which no ſolution can be had. Therefore 
Le muſt __ on rſe to the ons "nl proceſs, m 
: L x AZ x 
HGp = - X TR ={inthis caſe) 


Kr x TA x PK = 


an 1 og * PK. There | 


E 


- | fore the ſum of 3 ex ſum of allthe 
TK x PK, But the ſum af all the TK x PK = 


ry 


vo 21 Oo 


30 > » 


. Pry 


3 © ©, 
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N 2. Whence the ſum of all the variations in QP = Fig. 


F oy: But this muſt be diminiſhed according to the 


8 rr 2rr x Q 7 

* And when y =r, the whole diminution in paſſing 
q. from the quadratures to the ſyziges is = zap 5 
= 162”, And by ſo much it is increaſed again at 

[1 the quadrature 3. For here p = .087 (the incli- 
Fn nation being 5 deg.), and à = 177, and QA = 
1.57. And in the octants, where the horary varia- 


tion is greateſt, the variation comes out 8 — 


81”, in the moon's paſſing from Q to P, the node 
remaining at Q. | | b 
nne {7 
The excentricity of the moon's orbit is continually 
the varying; and is greateſt when the line of the aꝑſides 
4 is in the ſyziges; and leaft, when it is in the quadra- 
; 1 : „ 1 


le 


If it was not for the ſun's perturbatin force the 
0, moon would always deſcribe the ſame ellipſis, and 


ore the tranſverſe axis and excentricity of the orbit 
ere would remain unaltered. But ſince the pertur- 
ph bating force of the ſun always acts upon her more 
= or leſs, and cauſes all the irregularities of her mo- 


tion; it is evident that all theſe effects will be the 

re- greater as that force is the greater. But when the 
tranſverſe axis or line of the apſides is in the ſy- 

the ziges, then the perturbating force TM or 3PK 
85 (fig. 99.) is the greateſt poſſible, by which means 
* the moon is removed farther from the earth, and 
9 Ws 4 Con- 
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"Fig. 
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conſequently. the tranſverſe axis is lengthened, and 
the excentricity becomes greater. And the con- 
trary happens when the tranſyerſe is in the quadra- 


tures; for by its being in the quadratures, the 
force LM is greater; and the whole centripetal 
Force towards T being greater, the body will be 


drawn nearer the earth and deſcribe a leſs orbit, or 
one leſs excentric than before. Therefore when the 
apſides are in the quadratures, the excentricity is 
leſs ; and when they are in the ſyziges, 1t is greater, 
But how much it 1s greater or leſs depends upon 


the mean excentricity; and that depends upon ob- 


ſervation, | | 
5 7 | 2 ; ; ; Ft 144 

Cor. 1. Hence the excentricity continually increaſes, 

as the apfides move from the quadratures to the þy- 


Ziges ; and decreaſes from the ſyziges. to the quadra- 


FUrECS., 


Cor. 2. Likewiſe the excentricity of the orbit con- 
tinually increaſes, as the moon paſſes from the quadra- 
tures" to the Hriges; and decreaſes, in paſſing from 
the ſyziges to the quadrature.t. PN 

For the perturbating force increaſes: from the 


quadratures to the ſyziges; and decreaſes from the 


ſyziges to the quadratures. 


107. The apfides of the moon's orbit move forward, when 


the moon is in the ſyziges ; but backward when tht 


moon is in the quadratures. 


Let Ach be the moon's orbit; A, B the ſy- 
ziges; Q and q the quadratures, T the earth, CG 


the line of the apſides. Then the velocity of the 


moon at the ſyziges A, and the area deſcribed 
there, will (by Prop. II.) be greater for the time, 
than the velocity and area at the quadrature Q 
5 Þ 1 an 


— 2 


. . ⏑ 2 Hr b= amd + 9 > > = 


Sect. VI. AND SATELLITES. 2893 
and therefore the velocity and area will be greater Fig. 
at A, and leſs at Q, than it ought to be when the 105. 
orbit is deſcribed regularly by the moon, without 
any acceleration or retardation from the diſturbing 
force. Hence it follows, that the moon being too 
ſwift at A will leave the orbit behind; that is, the 
moon, inſtead of being at A will be got to 4; _ 
there fore to keep it ſtill in the orbit, the point A o 

the orbit muſt be moved to a, thro? the angle ATa, 

and therefore the whole orbit muſt be moved thro* 

the angle ATa; that is, the apſides C, G muſt be 
moved forward thro the angle A Ta or C Te equal to 

1c. But near the quadrature Q, where the moon is too 
flow, ſhe will be left behind at p; and therefore to 
keep her in the ſame point of her orbit, the orbit 
muſt be moved back*to the moon, or the point Q 
muſt be moved back to p; and therefore the 
whole orbit muſt move backwards thro? the angle 
QTp. Therefore when the moon is in the ſyziges, 
where her motion is too faſt, the apſides move Abs 
ward; but when ſhe is in the-quadratures, where 
her motion is too ſlow, the apſides move backward., 
_ Cor. 1. When the apſides are-in the ſyziges, they 
the move faſteſt forward; and in the quadratures they 
the move faſteſt backward. lala. 

For in the ſyziges the-perturbating force is great- 

er; and the effects greater; and the contrary in 


| the quadratures. I 25: | | 
„en Cor. 2. In a whole revolution of the moon the ap- 
e des are carried forward. EY 1 | 


For (by Cor. 9. Prop. I.) the centripetal force 
of the earth is twice as much diminiſhed in the ſy- 


- ſy- ziges as it is increaſed in the quadratures; whence 
CG the effects will be greater in one caſe than the 
the ether; and therefore the progreſs of the apſides 
hd will be greater than their regrels. 5 

ime, Cor. 3. There are certain points of the, orbit, where 


rh 6 a be 


294 


Fig 
107. 


points, the orbit is at reſt. 


Or THE: MOON 
the apfides are at reft; and theſe are at about 25% 
degrees from the quadratures. e 


For (by Cor. 3. Prop. I.) in theſe points, the 


diſturbing force ceaſes, and if the force was always 
to continue proportional to that, the moon would 
move in an immoveable orbit; therefore in theſe 


Arnertien.. 5: 


In conſequence of the greater and leſſer pertur. 
bating force of the ſun in different parts, and in 


different ſituations of the moon's orbit, the apſides 


are carried with an unequal motion, increaſing to 


the ſyziges, and decreaſing towards the quadra- 


tures till they ſtand; then moving backwards faſter 
and faſter to the quadratures, where the motion 
begins to decreaſe again. And all theſe motions 
are greater or leſſer according as the forces that 

roduce them are . or leſſer; and the ſame 
is trie of all irregular-motions of the moon. And 


| Hince theſe forces are a little greater at the conjunc- 


tion than at the oppoſition of the luminaries ; all 
theſe effects will be ſomething greater at the con- 
junction than at the oppoſition. 


Theſe diſturbing forces of the fun, and their 


effects, are alſo different at different times of the 
year. For (by Prop. XXVIII. Cor. 4. Centripetal 


forces) theſe forces or their effects are reciprocally 


as the cube of the ſun's diſtance at that time. 
And therefore the motion of the apogee and nodes, 
and the excentricity of the orbit, will be greater 
in winter than in ſummer. In winter the ſun's 
greater force dilates the moon's orbit, and then ſhe 
moves lower, and her periodic time is greater. 
ſummer his leſſer force contracts the orbit, and ſhe 
moves faſter ; and her periodic time is leſs. _ 
From the foregoing principles, and proper o 
ſervations made upon the moon's motions, tables 
1 A ale 


F 


T 


1 
T 
* 
T 
T 
T 
T 
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1 are conſtructed for readily finding the moon's place; Fi ig · 
7 without which it would be an immenſe labour to bevy 
* do it. The elements of the moon's motion that 
vs have been gained by obſeryation, beſides theſe 
Id mentioned in Prob. XVIII. Sect. IV. are the fol- 
& lowing. . : 
| . 
The greateſt equation of tha apogee 12 18 O0 
The greateſt equation of the node 1 29 40 
* The mean inclination of the orbit 35 8 30 
in The greateſt inclination — 5 17 30 
es The leaſt inclination — 4 59 30 
0 The mean variation in the octane 38 10 
1. The greateſt variation % 8 
vi The leaſt variation — — 32 4 


The mean excentric af 1000 
nat greateſt 66.75, the _—_ 55 pars), th 


10 ä The greateſt annual equation of the moon” ; | 


9 o; of the d 20 003 of r 
_ ax of i 30), REY ” 


all The ratio of the moon's parallax to her dune "= 
80 ter, as 167 to 90, or as 11 f 6. 
= | PROP. . Prob. 
ny Jo explain the nature, conſtruttion, and 47 of the 
ly lunar tables, fer finding the moon's place. 5 
_ For this purpoſe different authors Vow different 
= - methods, and different ſets of tables. Some ha- 
29 ing more, fome tewer. Some throw ſeveral equa- 
the Y #191s together in one table, whilſt others give them 
In 1 ate tables. However the principal of them, 
ſhe eſe that follow. 
FY e. A table of the n „ the 


ob- | moon's mean place, her * and aſcending node, 
bles made for the * of ſeveral years; beginning 


are | Dea 
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Fi ig. December 3 x at noon, and for ſome particular place 


reciprocally as the cube of the ſun's diſtance, 


| apogee, and node, correſpond! ng to the equation 
t 


OF THE MOON 


ou pitch on. Theſe are matters of obſervation; and 
this table is generally made to agree with the 
moon's motion when the earth is in the aphelion. 
In this table is inſerted a table of the moon's mean 
motion from the ſun, for theſe times; or elſe a ſe- 

arate table is to be made for that purpoſe. 

2. A table of the mean motions of the moon, 
of its apogee and node, is made for years and cen- 
turies of years; and for months, days, hours, &c. 
And likewiſe the mean motions of the moon from 
the ſun. This table is calculated from the moon's 
periodical time, which is known; and ſerves to 
find the mean place of the _ apogee, and 
node for a given time. 


3. A table of the annual equations of the moon, 


T 


r A Y 7 ee 2 


of the ſun (called the equation of the center), theſe 
equations, in different parts of the earth's orbit, are Wl 


And theſe four annual equations are proportional to 
one another; and when one is greateſt, the reſt are 
greateſt ; and increaſe and diminiſh in the ſame ra- 
tio. Theſe are to correct the mean place of the 
moon, her apogee and node, found before when 
the equation of the ſun is to be added, that of the 
apogee is to be added; and thoſe of the moon, and 
of the node, ſubtracted; and the contrary. 

4. A table of the correction of the moon's mo- 
tion, depending on the angle between the ſun and 
the apogee; and is greateſt when the apogee is in 
the oftants, and amounts to 1 56" when the earth 
is in the perihelion; and to g/ 34”, in the aphelion. 

But this greateſt equation varies in the reciprocal 
proportion of the ſun's diſtance. But when the 
apogee is out of the octants, the equation is leſs, 
in proportion of the ſine of twice the diſtance - 

the 
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the apogee (from the next ſyzigy or quadrature) to 
radius. This equation is to be added to the moon's 
motion, when the apogee paſſes from the quadra- 
ture to the ſyzigy ; but ſubtracted, from the ſyzigy 
to the quadrature, 

5. A table of corrections of. the mean n place a 
the apogee, and contains two equations. The 1ſt 
depends on the angle between the ſun and apogee 
for the apogee goes forward in the ſyziges and 
backward 1 in the quadratures. The ad is a men- 
ſtrual equation, and depends on the angle between, 
the ſun and moon. 4 

6. A table of equations of the apogee and ex- 
centricity of the orbit. This depends on the angle 
between the apogee and ſun; here the excentricity, 
is put down over againſt the equation of the apo- 
gee which depends on the ſaid angle. This equa- 
tion is to be added (if that angle "be leſs than 90 
or between 180 and 270, otherwiſe ſubtracted) to 
the place of the apogee equated; which gives a 
more correct place of the apogee; and having the 
moon's place, the moon's mean anomaly will be 
had. But theſe excentricities ought to be correct- 
ed, according to the diſtance of the moon from 
the ſyziges, and of the ſun's diſtance. 

7. Another table of the correction of the moon's 
motion, depending on the angle between the ſun 
and the node. This equation is greateſt when the 
nodes are in the octants, and is o at the ſyziges and 
quadratures. It is calculated by Prop. V. When 
greateſt. it is 47%, and is as the ſign of twice the 
diſtance of the node from the ſyzigy or quadrature. 
This is to be added to the moon's place if the nodes 
move from the ſyziges to the dee, or <_ 
ſubtracted. 

8. A table of the equation of the orbit ; this is 
calculated like the equations in a primary planet, 
.and by it is found the moon's place in its wee: 
tne 


N 
ö 
f 
| 
| 
f 
{ 
| 
| 


298 


rr AEN en 
the ſame way that a planet's place is found. This 
is called the equation . 3 be moon's center, and an- 
ſwers to the degrees of the moon's mean anomaly. 


Here, as the 1 there muſt be two. 


tables of this ſort, an 


— excontricity, a phy pray os coped muſt be 
et; © | -* 


9. A table of the moon's variation or reflection 


| This is calculated by Prop. IV. It is greater when 


the earth is in the perihelion, and leſs in the a- 
phelion, reciprocally as the cube of the ſun's dif- 
tance, This table is to be corrected according to 


the ſeveral degrees ef the ſun's mean anomaly. - By 
this the moon's place is corrected by adding this 


correction in the rſt and 3d quadrants 3" and fub- 
tracting it in the 2d and 4th. 

10. A table of three equations of the W The | 
MR depends on the angle between the far and the 


nodes; for the nodes are at reſt in the ſyziges, and 
| move backward at the quadratures; che 2d is a 


menſtrual 'cquation of the nodes depending on the 
angle between the ſun and moon. The third is 


annual; for the nodes are ſwifter in the perihelion, | 


The calculation of theſe depend on Prop. V. 

11. A table ſhewing the correction. of the incli- 
nation of the orbit. For the inclination: is leaſt 
when the nodes are in the quadratures with the ſun; 
and greateſt in the fyziges. And in a' revolution 


of the moon; leaſt when the is in the ſyziges, and 


greateſt in the quadratures. Theſe are like the e- 
tions of the nodes; and may therefore be pur 
into the 10th table. 


12. A table heving how much theſe equations 
Aud corrections increaſed in che conjune- 


tion; and decreaſed in the oppoſition to the ſun. 


For the forces being greater in the conjunction, 
their effects wil be g greater. | 


99 13. A 


ring thereto. And for a 
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13. A table of the moon's latitude for every de- 
ree of diſtance from the node. This is made the 
A as the tables of the prima planets. 
But becauſe the inclination varies, the table is made 
for the leaſt; and there is added ſuch parts as 
make up the greateſt. And in the mean inclina- 
tions a proportional part thereof is to be added. 
134. A table ſhewing the moon's place reduced 
to the ecliptic, for all degrees of the moon's diſ- 
tance from the node; and is juſt the ſame as in the 
primary planets. The difference between this diſ- 
tance from the node, and the reduced arch (or the 
hypothenuſe and baſe) is called the redu#ion, which 
Is 55 into the table in a proper column. This is 
alſo for the leaſt variation, and muſt be increaſed 
upon occaſion like the other 
15. A table of the moon's parallax. This muſt 
be made for the greateſt and leaſt excentricity ; and 
a mean muft be taken as there is occafion, | This 
table is alſo to contain particles to be ſubtracted; as 
the moon approaches the quadratures, where it is 
leaſt. The parallax is alfo leſs when the earth is in 
the perihelion, and greater in the'aphelion.” 
Some of theſe tables may be branched into two 
or three, or perhaps ſometimes two may be put 
into one, as may be thought proper; different 
people having different methods. There are alſo 
other. tables of the moon which may be uſeful, 
| ſuch as a table of epochas of the mean conjunctions 
of the moon with the fun. A table of lunar pe- 
riods. A table of rhe horary motions of the ſun 
and moon, their diameters, and parallaxes, in e- 
chipfes. Tables of the phnian periods of ſolar and 
lunar ß ,,, — Ie Tn 
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PROP. X. Prob. 


To find the moon's place at a given time. 


As different authors have different tables and dif. 
wa methods of working; therefore no general 


rules or precepts can be laid down, that will ſuit 


all authors and tables. For thoſe that have con- 


ſtructed tables have put them into various forms, 


which require a different proceſs or method of cal- 
culation. Yet there are ſome things which are 
common to them all, I ſhall give the method ac- 


| Seng to our countryman Dr. Halley, as follows. 


The arguments in any table for the ſeveral equa- 
tions, are the leading numbers therein, or the num- 
bers in the firſt column of the woke, * which the 


Equations are found. 


Ii * 41 6 


* 


1. By NAB l Tables. 
The —.— for theſe tables are the following, 


Let M = ſun's mean. anomaly... 


* 2 = ſun's true place. * 
A = place of the, ſun's : apogee. A 
; iD, — moon's 5 
21, 52,0 36 cc. JED TRE e 
>. thrice, &c. equated. 
8. 81, 22 = = mean place of the moon's aſ- 
e,, - ff node, and once, twice 
i my 
G, Gr, 62 = = mean place of the moon's s apo- 
gee, and the ſame once, twice 


” > » 
, - 
( * 2 1 


1 


5 ont e = hen, 


prod 25 5 ind the true place of the ſun, his apogee, 


and mean anomaly, to the time given, tredueed to 


mean time. By Prop. XII. Sect. V. 


2. From the tables of the epochas of thi moon's." 
mean motions (HA — liz, &c.), take the mean 
longitude of the moon, her apogee and node; for 


RI. months, days, _— &c, and add. them 
8 into 
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into ſeparate ſums for the moon and apogee. And 
for the node, ſubtract the ſum (for the month, day, 
hour, &c.) from its place in the radical year. 
3. From the table of. the annual equations of the 
moon, Sc. (LIZ, &c.) take the equations of the 
moon, its apogee, and node; anſwering to the 
ſun's mean anomaly for the argument. With theſe 
correct the places of the moon, its apogee and 
—_— by adding or ſubtracting as the table directs. 
* n the table of the firſt ſemeſtral equation (Mm), 
find the ſecond equation of the moon's place, cor- 
reſponding to the argument © — Gr = N, called 
the — Argument. | 
| In the ſame fable (Mm), with the other ſemeſ- 
tral equation ;, with the argument O — 8 1, find the 
third equation of the moon. 
6. In the table of the equations of the apogee ad 
excentricity (Mm2, &c.), with the annual argument 
N, find the log. for the equation of the moon's 


py )1—Gr 
center; add it to the log. tangent 0 2 


the ſum is the log. tangent of an angle, which 
doubled and taken from » 1 — Gi (or its comp. 
to 12 ſigns, when greater than 6), gives a correc- 


tion, which muſt be taken from ) 3 — A + N, 
when ) 1— G1 is leſs than 6 ſigns; or added, if 
above. With this argument, ſeek in the table of 
the fourth equation of the moon (Mm), for the equa- 
tion; which will correct the moon's place a fourth 
time. 

7. 40 the table of the equation of the apogee and 
excentriciiy (Mm2, &c.), with the annual argument 
N, find the ſecond equation of the apogee, the 
excentricity of the orbit, and the log. for the equa- 
tion of the moon's center. The firſt corrects the 
apogee a ſecond time. 

8. In the table for readily finding the equation of 

. E © 


On: RE: Nad: 
tbe” maon's center (Na, &c.), with the argument 


54 — G2 (or the moon's mean anomaly). or its ſup- 


plement to 12 ſigns (when it is greater than 6), find 
the equation in the column having the proper log. 
for the equation of the moon's center at top. Add 
(or ſubtract) this equation to half the mean ano- 
maly, and to the log. tangent of this corrected an- 


gle, add the log. for the equation of the center 


(found Art. 7. ), gives the log. tangent of half the 
true anomaly, which doubled is the. true anomaly. 


And the difference of the mean and true anomaly 
is the equation of the center. This is to be ſub- 


tracted from the moon's place, when the mean 
anomaly . exceeds not 6 ſigns, otherwiſe added. 
This gives the moon's place equated a fifth time. 


9. In the table of the moon's variation or reflexion 


(Nz4), with the argument » 5 — ©, find the moon's 


variation; to -its logiſtical log. add the log. an- 


ſwering to the argument M, in the table of loga- 


rithms for correcting the variation (Nn4.), the ſum is 


the logiſt. log. of the true variation, by which cor- 


recting the moon's place (Art. 8.), gives her true 


longitude in her proper orbit. 


10. In the zable for computing the moon's latitude 


(Oo), with the argument G — 8 1, find the ſecond 
equation of the node, the lag. fine of the 7 


inclination, and the greateſt reduction, by this 
equation of the node, the place of the node is a 


ſecond time corrected. This place of the node 


taken from the moon's place, gives the argument 
of latitude. 


To the log. fine of the greateſt inclination add 


* 


the log. ſine of the argument of latitude, the ſum 


(abating radius) is the log. ſine of the moon's la- 

titude; which is north, when the argument of la- 

titude is leſs than 6 ſigns, otherwiſe ſouth. 

To the logiſt. log. of the greateſt reduction, add 

the arith, complement of the log. ſine of twice the 
h | | | argu- 
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argument of latitude ; the ſum is the logiſtic ſs 
the true reduction; which muſt be ſubtracted from 
the moon's longitude in her own orbit, in the firſt 
and third quadrants of the argument of latitude, 
or added in the ſecond and fourth; and there is 
had the moon's longitude in the ecliptic. | 
Thus the longitude and latitude of the moon is 
found, as ſeen from the center of the earth, or 
where ſhe is vertical. EL „ 
11. In the table of the moon's borigontal parallax 
in the fyzigy (Oo2), find the parallax, anſwering to 
her true anomaly, and alſo to her excentricity; to 
the logiſtic log. hereof, add the lag. anſwering to 
the moon's Grace from the neareſt ſyzigy, found 
in the table of paratlaxes without the fyziges (Oo2); 
the ſum is the logiſtic log. of the moon's true ho- 
_ rizontal parallax. . 
12. Then rad: coſ. altitude: : horizontal paral- 
lax : to the parallax at that altitude (by Cor. 3. 
Prob. XVI. Sect. IV.). Then the parallax in la- 
titude and longitude will be found by Prob. XVII. 
Se&. IV. and conſequently the apparent latitude 
and longitude of the moon, or her apparent place. 
But after all, if the places thus found do not 
agree to obſervations; theſe equations ought to be 
_ corrected by obſervation, or new ones found out, 
to make the tables compleat. Sn — 
Note, If the place you calculate for, is not that 
for which the tables are made; the time will be 
different, according to the difference of longitude. 
Which time muſt be adjuſted, before you begin 
your work, | 
DE: Example. | 
To find the moon's place, Nov. 18, 1768, at 
7 o'clock, 21 minutes, mean time. | | 
Sun's mean anomaly = 4 19 31 22 = M. 
ſun's true place © 7 27 2 24 2 O. 
his apogee * 3 *8 * 
ö nls 


Woe en Cs, <<. IA," 4 — — — 22 — 
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This being leap year, a day muſt be added, and 


the calculation muſt be made Kg Ws days oper, | 
by theſe —_— that 1 is, for Nov. 8 


3 Moon. 


1768 
Nov. 8 
7 h. ( 


21 m. 


ai £1050 


6 14 54 14 
S164 7A57 
30 38 


11 32 wk 


* 2 @& fo 
* wy 1 0 * 
_— 2 — 


Apogee. PE 
1 


6 © 36 20 al 

1 4 45 34 

33 
6 


Þ) 


21 
2 eq. 


N 1119 58 287 9 23 57 2 E 


r 13 11 


11 20 6 15 
— 2 10 


7 9 10 . - 
— e ; 


D2 
3 eg. 


* 
4 eq. 


5.28.14 3 = G7 


es abs ah A 


—_— „ 
| og 21 31 23 . 


4 
e 


= 6 03nd 


8.5 45] 
4 
I 
3 


16 31 20 


g 
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»5—0, A 3˙ 16 36 56. 
26—82 = = 2 


+ Operations. 
The excentricity .0649 
equation of the center log. 


9 40 43 = arg; latirude, 


305 


9.943434 


)1— GI | 
* = 65 27 45 its tan. 10. 340342 
tang. 62 31 47 10.284070 | 
doubled 4 5 3 
51 — G1 4 10 55 29 | 
correction 1 
73 —- ATN = 7 23 25 8 
ſubtr. 3 — ZI 55 
argum. Art. 5 a 7 17 33 13 
equation 2 — 
half the m. anom. 62 24 30 
equat. Art. 8. — 1 33 
1 LY 662 22 57 
its tang. 10.281332 
log. eq. center 9.94334 
the tangent 10. 224886 
of + true anomaly 59 12 47 
true anomaly 3 28 25 34 
mean anomaly \þ ''4 49” © 
equat. center 0-6 24 4: 
variation — — — 19 16 
its logiſtic og. 4933 
correction log, — — 9.9814 
whole variation 2007“ 442 
8. greateſt inclin. 8.95532 
S. arg. latitude 9.97209 
fine of © +. 8.92741 
whe. moon's lat. 4 51 13 N. 


X 


greateſßʒ 


% 


place correctly; which future induſtry muſt find out. 


I. For the mean time of a conjunction or oppoſition 
From the fable of the mean motion of the moon 
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greãteſt reduction — — — 7 1 


its logift. log. — — — 9320 


comp. Art. 2. arg. lat. 1862 
reduction 4 37" 3 


arallax 30/1“ logiſt. log. 72 
og. Þ diſt. from ſyzig ß 827 
horizontal parallax 58 15” 129 


The remaining work being purely ſpherical tri- 
gonometry, is done by Prob. XXXIX. Sect. II. 
and Prob. XVII. Sect. IV. for finding the parallax 


in latitude and longitude. _ N 
But experience ſhews, that theſe tables do not 
now anſwer to the heavens; ſo that they want 
ſome amendment, or perhaps ſome ſmall equations 


are ſtill wanting, in order to compute the moon's 


PROP. XI. Prob. 


To find the mean and true time of the ſyzigy, or of 


the new and full moon, for a given month. 


The mean time of a ſyzigy, is the time when the 


mean places of the ſun and moon in the. ecliptic, 
are the ſame for the conjunction, or oppoſite for 
the oppoſition. And the true time is when their true 
places are exactly the ſame, in the conjunction; or 
directly oppoſite, for the oppoſition. ä 


From the ſun, take out the numbers for the given 
year and month, add them up together; and ſub- 


tract the ſum from 12 ſigns, for the conjunction; 
or from 6 or 18, for the. oppoſition. Then: feek 


che remainder in the fame table for days, if it can- 


+» 22 %% ² 1 ot. 


A 1 = » 


* 
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not be exactly found, take the next leſſer and ſub- 


tract it from that remainder; and note the time 
correſponding. In like manner ſeek this ſecond re- 
mainder, in the ſame table for hours, and fubtract 
the next leſſer number from it, and note the time. 
Do the like for minutes, &c. till nothing remains. 
The ſum of all theſe parts of time, gives the day, 


hour, minute, &c. of the ſyzigy ſought. 


Note, In leap year after February, this time muſt 
be leſſened by a day. N . 

This table of the mean motion of the moon 
from the ſun, you have in almoſt all books of aſ- 


tronomical tables. es 


: 2. For the true time. 8 - 
Find the true places of the ſun and moon in the 
ecliptic, for the mean time of the ſyzigy, now 
found (by the laſt Prop.) If they agree, or be 
oppoſite, there is no more to be done. But if they 
differ, take that difference, and ſeek it in the ſame 
table, for days, hours, &c ; and proceed as before; 
to find the difference of time. Add this to the 
mean time, if the moon be ſhort of the ſyzigy; or 


ſubtract it, if paſt; and you have nearly the true 


time of the ſyzigy. 4 

But to be exact, you mult repeat the operation, and 
find the true places of the ſun and moon, for this 
laſt found time, and their diſtance. Then proceed 


as before. Otherwiſe the time will be known, by 
proportion in which this laſt diſtance is run over 


by the moon. For as the-former diſtance, to the. 
time it is run in; ſo this laſt diſtance, to the time 
from the ſyzigy ; which time being added or ſubs 
tracted, gives the correct time of the ſyziges. 

If you have a table of the horary motions of the 


fun and moon, for their ſeveral anotnalies ; the 


horary motion of the moon from the ſun at that 


time, will be known thereby; Whence, after their 
true places are once found, and their diſtance, the 


X 2 time 


U 
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time of the ſyziges will be found, by making a 
proportion, according to that horary motion, for 
that interval of time, to reach the ſyzigy. But if 
the time of the ſyzigy thus got, be not exact e- 
nough, which ſeldom happens, their places muſt 
be _ again, and the reſt of the operation re- 

ated. 3 5 5 

* the time thus found only anſwers for the 
place the tables are made for. In other places the 
time will be different, according to the difference 
of meridians, which muſt be taken notice of. 


Cor. 1. The mean time of any ſyziges being known, 
the mean time of any other will be known, 33 
continually 29% 12 44", the moon's ſynodic revolution; 
or ſubiratting it, for the preceeding ſyziges. lic 


Cor. 2. Hence the mean time of the new and full 
moon, for any month, is very eafily and readily found. 
But to find the exalt time, requires a great deal of la- 
Sour and calculation. Se „ 
„ K 8 
To find the time of oppoſition or full moon, in De- 
„ ns EE ek 
1ꝙ. For the mean time. 
| h 5 _ ge 
1768 4 10 18 19 
Decem. 3 21 42 36 
7 from 08 2 0 55 


8 full d 6 1 | 
5 9 ES 
. 44 22.94: 41. 
[75/8424 

| ho. 10. 5 4 46 

J 92 £ | 19 38 2 
min. 388 19 18 


ſec. 38 => 0 


The 


nn Þa 


. 8 10 
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The ſum of. the times, 24 10 38" 38*, but be- 
cauſe tis leap year; the mean time of full moon is 
Dec. 23 10 38 38*, 


\ 


2. For the true time. 


Let the time be Dec. 29 TH 38". The ſun's 
longitude to that time 


. 

(by Prob. XII. Sect. v.) is . 9 
and the moon's place (Pr. X.) 3 6 56 28 
moon paſt the ſun _ 6 3 59 23 

b moon 25 the ſyzigy or oppoſition 3 
7 hours mot. 3 33 20 

26 3 
51 min. mot. 25 54. 

1 9 

| From Dec. 23" 10" 38 7 

ſubtract 5 + ah 


the oppoſition Dec. 23 2 47, which is very | 


near the true time z and may be had exatthy by a ſe- 


cond operation. 
At this corrected time the moon's ren 18 
only 22”, and therefore there will be an 74-4 e 


of the moon at that time, which will be a total o 


Note, this is the mean time, which 15 calily re- 
duced to the apparent. h 


PROP. XII. Prob. 


7 o find the periods # the new moons, when they 
Hall happen again, at the ſame time of the year. 


The moon's revolution to the ſun is 294 120 44" 


* = 29.5306. And the year = 365.25. Let a | 


= number of  lunations in any time, y = number ; 


af years in the ſame time. Then that the conjunc- 


tions may fall on the ſame time of the year, we 
| X 3 muſt 
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Fig. mult find à and y fuch, that 29.5306 = 365.25 y, 
| y 29.8306 FF. 
whence = = 365.25 Then all the periods may 
be found by Prob. IX. Ch. IV. B. II. Arithmetic, | 


and will be KP r . 

| | * 0" ""*.  03- O00: BS -294 
2, ac. 

6209 74273 7 

The revolution of the moon to the * is 

274.5476, therefore if x = number of theſe revo- 

| hations, in the ſame time, 365.25) = 27.547x, 
For the apſides ought to be as near as poſſible, in 

the ſame ſituation, after x revolutions. | 
If we take the numbers 1 and 12 the periods 
Will differ by 11 days, 12 being too little. If we 
take 2 and 25, they will differ by 8 days, 25 being 
too big. Then to try 3 and 37, 3 & 365.25 = 
1093.73, and 37 X 29.53 = 1092.63, and 1095.75 

 — 1092.63 = 3*.12 ; here 37 is too little, and the 
moon will be 3*.12 or 3* 34 paſt the conjunction 


65.25 X y© 
5 77877 - = # = 3-97, lo that 
the apogee wants only .03 part of a revolution ta 
the ſun, which 1s .8 days or 20 hours. 
Again, for the numbers 8 and gg, 365.25 X 8 
— 29.5306 & 99 = — 14.53, ſo the moon wants 
1 12½ of the conjunction. And x = 106 rev. + 


| in 3 years. And 


2.07 days. — | | 
Then for 'the numbers 19 and 235, 365.25 X 
19 — 29.3306 X 235 = .059* or 1 hour, 25 min. 
Therefore the moon is 1 hour, 25 minutes paſt the 
change. And x = 252 rev. wanting 2.09 days. 
Likewiſe the numbers 483 and 5974 being tri- 
ed; 365.25 * 483 — 29.5306 X 5974 = — .0544 
days = 1 hour, 18 minutes, which the moon is 
hort of the change. And x = 6404 rey, + 22 
hours, which is very near. HS 1 
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And. thus the reſt of the porinds: may be exa- Fig. 
mined. 


Cor. 1. The ſame cdl ſerve for the full moons 
in any Hear. 


Cor. 2. Hence, if the PRO of the moon happens 
on any day of the month ;, then after the ſeveral pe- 
riods of years, the change will be as follows. 


In 3 years — 2* 3 30" ſooner. 
8 years — 1 12 30 later. 


19 years — 1 25 ſooner. 
483 years — x a 
$02" Jour - — - Q 6; ſooner. 


Seiler 


We here ſuppoſe the year to be = 3655 days 3 ; 
but as the common year is but 365 days; allow- 
ance muſt be made for the odd years a ve 4, 8, 
12, &c. and for leap year, if it fall 1 in. 


* PROP. XIII. Prob. 


at To find the mean time of the moon's changing, in 
any month by an old almanack. | | 


ta 
: The moon's ſyn. revolution is 29 12 44 
. the lunar year (12 I. months) 354 8 48 
＋ common ſolar year 365 0 © 

| wants 10 15 12 
x 8 and fo much the moon changes ſooner cn” in 
in. the foregoing year. Again, 
he twice the remainder — 21 6 24 | 
Z ſynod. period —( — — — — 29 12 44 
The almanack 2 years old, later — . 5 20 
y alſo thrice the remainder — 31 21 36 
Po fynodical period — 29 12 44 


5 an amanack three years old, ſooner. 21 52 
nd * . « 
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And ſo the time ſooner or later may be found 
for any year after, by multiplying the yearly dif- 
ference (10 15 12) by the number of years, and 
finding how much the product falls ſhort or ex- 
ceeds the ſynodic revolution, or its double or tri- 
ple, &c. hence by an almanack of 


1 year old, the change is ſooner 10! 1 155 * 
2 years old, later — Cel & 6:5; 
3 years old, ſooner — — .2 9g 


- 


4 __ old, ſooner. _— — 13 0. 


But if a leap year (or an WRT day) falls 
within the time, the change will be. a day ſooner. 
And if ſeveral fall 1 in, ir will be ſo many days 
ſooner. 

Note, by realin of the irregular motion of the 
moon, the change will often happen ſeveral hours | 
ſooner or later, than by this rule. + Fi 

| Otherwiſe, © | ©} 

Amongſt a number of old almanacks, pick out 
one that is 19 years older. Then the time of the 
change in the old almanack i is nearly the ſame as in 
the new one. | 
| For 19 years = 19 X 36575 = 9 days 
And 235: Junations = 2 35 K 2945306 69 39.72. 
So that the days nearly coincide. | 

But the poſition of the apogee diſturbs this mo- 
tion ſo much as to make the time alſo to differ for 
ſeveral hours. So that theſe are no more than ſame 
"wy 3 See the laſt Prop. 

San Olen, 


M any other Problems relating to the ſun * 
moon may he propoſed; as if it was required to 
find the time of the moon's ſouthing on any day. 

From the table of the moon's mean motion from 
the ſun, take out the numbers for the year, month, 
10 Rn ; n being added — gives the 

f moon's 


— 


46-1 and { * ed 
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- moon's diſtance from the ſun... Then ſay as 12 
ſigns: to 24 hours, or as 1 to 2 :: ſo the moon's - 
diſtance from the ſun, to the time of ſouthing. 


But this not being exact enough, find the plates 
of the ſun and moon to that time; and from thence 


their right aſcenſions in time, and the difference 
thereof ſhews how far the moon is before the ſun in 


hours; and conſequently how much ſhe wants or 
is paſt the ſouthing. This laſt quantity is to be 
increaſed by as much as the moon gains of the ſun 


in that time; and then added or ſubtracted to or 


from the hour of the: day, as the caſe requires. 

There is more trouble ſtill in finding her ri- 
ſing and ſetting. For her change of right/ aſcen- 
fion and of declination muſt be conſidered; ſo as 


10 agree with the oblique aſcenſion and deſcention, 


PR 0 P; XIV. 3 an S 
be Zi of the fatellines of any | Dlautt, hg reſi 


nilar to thoſe of the moon, and may be known thereby. 


For the ſatellites do all move round. their primary 
planets, like as the moon revolves about the earth, 
which is the earth's fatellite. Each of theſe ſatel- 
lites, in the part of their orbits next the ſun, be- 
ing nearer the ſun, are for that reaſon, diſturbed 
in their motions, juſt as the moon is by the like 


cauſe. From hence ariſe the like motions as in the 
moon, ſuch as the progreſſive motion of the © 


ſides, and the regreſſion of the nodes, of the fa- 
tellites. But the forces that produce theſe motions 


depend upon the diſtances of the ſun from the pla- 


net, and of the planet from the ſatellite; or upon 
their periodic times. And therefore the motions of 
the ſatellites, may be deduced from the motions of 


the moon, which are analogous to them. And 
therefore as we know the motions of the moon, 


and all her irregularities, we can compute the quan- 
tities 


A V0 a. 4% 
2 * 


* 


the period, times of wa er eines 
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tities of theſe motions nod ron in any of 
the ſatellites. Hence, 


Cor. 1. The mean motion of the nodes or 1 of 
any ſatellite, is to the mean motion of the nodes or ap- 


fides of the moon; as the periodic tim? of the ſatel- 


lite, divided by the ſquare of the periodic time of its 

Planet; to the moon's periodic time, divided by the 

Huare of the earth's periodic time. 

This appears. by Cor. 3, Prop. XXVIII. Centrip, 

Forces. For theſe angular errors are as the per. 

times of, the ſatellites, directly, and the {c cal of 
y. And 


therefore, 


Cor. 2. In the Tame Planet, the mean motions of 
the nodes and apfides, are as the Periodical times * 


the ſatellites. 


Cor. 3. The 1 mean mation of FY nodes of any ſatel- 5 


Tite, is to the motion of its apfides ; as the motion of 


oy moon's nodes, to-the motion of ber apogee. 


Cor. 4. The- vatiation of any. ſatellite, is to the E 
A variation; as the ſquare of the periodic time 
of the ſatellite, divided by the ſquare of the periodic 
time of the planet; to the ſquare of the moon's periodic 
time, divided by the ſquare of the earth's periodic time ; 


vr as the motion of the ſatellites nodes in its time of 
revolution, to the motion of the moon's nodes in her 


dime of revolu: 4 i 

For (by Cor. 6. ib. Cent. Forces), the col 
errors in the whole revolutions, are as the ſquares 
of the per. times of the ſatellites, divided by the 
ſquares of the per. times of their primary planets. 


Cor. 5. The greateſt equations in a. ſalellite and 
the moon, are as the motions in the times of their re- 
ur een 
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5 Cor. 6. In the inmoſt ſatellite of Jupiter, the node 
recedes 33 in 100 years; and the variation is inſen- 
7 fible being only about half a ſecond. And the apogee 
advances about 14 minute in a hundred ears. 

P R O p. XV. 
7 be moon's libration ariſes from die aqua] diurnal 


notion, and ber unequal menſtrual motion. 


The libration of the moon is that motion, ſhe 
ſeems to have, of turning round her axis for a ſmall 
ſpace, in one part of her revolution; and return- 
ing back, in 1 By this means ſhe ſhaws 


R 


p ſome part of her ſurface on the eaſtern fide, which 
: was inviſible before; and afterwards ſome part of 
| her weſtern fide, appears, with the ther therein, 
and then diſappears ; and this by an ternate wo: 
"= ; tion, | 
F Since the moon moves uniformly round her axis 


in a month, ſhe will always turn the ſame face to- 
wards: the upper focus of her orbit, fince the an- 
gles deſcribed about the upper focus are nearly as 
the times, in orbits not very excentric, by Schol. 
Prop. II. Sect. V. Therefore it is evident, that 
| any perſon placed there would always ſee the ſame 
L face of the moon; and conſequently a perſon placed 
10 at the earth, cannot always ſee the ſame face, 
but will ſometimes ſee more of one ſide, and ſome- 
times more of the other, according to her different 
ſituations in her orbit. And that increaſe of ſurface 
| will be equal to the equation of the center: and 
| this is her libration in longitude. Her libration in 
latitude ariſes from her latitude, and the inclina- 
| tion of her axis of rotation to the plane of the e- 
cliptic. | 


Cor. 7 be moon muſt nearly, 2 turn the ſame 


| 1 Face 
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face towards the earth, and that "poſition canner be 


altered. Setting aſide, ber libration. 
This 8 by XXIX Centrip. Forces. F or 


if any cauſe, as her libration ſhould put her into a 


different poſition; ſhe will be gradually drawn 


back, by the earth's attraction; till ſhe recovers 
the ſame a = 


p RO P. XVI. 


In every 8 when * moon is about. the equi- 


notial, advancing northward ; ſhe riſes for feverd 


TT about the ſame time, in great latitudes. 


Let PHQO be the prime vertical, HO the ho- 


"EE EQ the equinoctial, P the pole, DBL a pa- 
rallel of - 0 mak wag PBAp a meridian. Suppoſe 


the moon be at C y night, and at B the follow- 


ing night. Now it i plain, if the moon has gain- 


ed as much time by her increaſe of latitude AB, 
as ſhe has loſt in her diurnal motion, CA; then ſhe 
will riſe preciſely at the ſame. hour. But this can- 
not be except. ſhe be then in the horizon at B; 


and therefore at the time of riſing, B is both in the 
horizen and ecliptic ;, therefore the comp. of the lat. 
18 equal to the angle of the equinoctial and ecliptic = 


232. And the lat. 662, where the moon, about the 


uſe at this time. And this is the original of. the Har- 


equinoctial, riſes 2 ſucceeding nights. at the. ſame 


hour. And it will do chis ain n variation * L 


ſeveral nights. 


Cor. 1. When tbe moon is at the full, about the 
equinox in September; be then riſes for ſeveral nights 
together about ſun ſet. So that her light is of great 


vesT and HuwTERS Moons. 


For being at the full ſhe is oppoſite to the ſun, 
and therefore riſes at {un ſet. - And being near the 


equinox, 
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equinox, it will happen in September or October. Fig. 

And thus ſhe gives the greateſt quantity of light, 108, 
at the moſt proper time of the night ; and at the 


moſt proper ſeaſon of the year too, for the huſ- 
bandman to gather his crops. 


Cor. 2. But at other times of the year, he eithed 
riſes after this manner, ſoon in the day, or late in the 
night ; ; and therefore ber een is weaker, and therefore | 
ſhe is now not ſo uſeful. : 
For at other times of the year, ſhe has a differ- 
ent aſpect with the ſun, and therefore has leſs light. 
And conſequently cannot riſe when he ſets, but 
will riſe either in the day time, or in the night. 


Cor. 3. The greater the latitude of the place, the 
longer the moon continues to riſe at the ſame tine. 
For the greater her latitude, the more ſhe riſes 
above the horizon, by her increaſe of declination ; 
and leſs in the leſſer latitudes. And under the e- 
quinoctial ſhe gains nothing by her increaſe of de- 
clination ; and fo the difference of the times of ri- 
fing there 18 . the ſame. 


Cor. 4. F the moon's aſcending ods be — 
near the ſame eguinox; ſhe will continue We to riſe 
at the ſame time of night. 


For then her increaſe of latitude is ſtil greater. 


Dor. T here 4 is likewiſe a time in every lunation, 
* the moon ſets for ſeveral nights together, about 
the ſame hour ; in great latitudes. And that is, when 

De is about the eguinoctial advancing ſouthward. 
For by the fame reaſoning, this will be when ſhe 
loſes as much time by her decreaſe of latitude (BA), 
as ſhe gains by her motion in right aſcenſion (AC). 


PROP. 
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| P R 0 P. XVII. Prob. | 


109. Having the apparent diſtance of the moon from 4 
= and their zenith diſtances; to find their true * 
$ 


as ſeen from tbe earth center. 


| Let 2 be the n N . moon's apparent = 
place, S the ſtars apparent place, and MS their ap- 


parent diſtance; let and s be the true places of 


the moon and ſtar, clear of the parallax and re- 
fraction. Draw ZI perp. to MS, and from D de- 


ſcribe the ſmall arches mo, p. Then Mm and Ss 


will be known, made up of the parallax and re- 
fraction; and all the ſides of the triangle Z Ms are 
given. T herefore, 


By Cafe 11th of oblique ſpherical tings," nd 
the ſegments of the baſe. MI and SI. And take 
tan. MI F 


Mo = N= x Mm, and Sp = tan. S * S8. 


Then the true diſtance iS MS Ms + Sp. 


Note, if the angle M or 8 be obtuſe (which is 
known by the falling of the perpendicular ZI), take 


+ Mo, or — Sp. 
For in the right angled \pherical triangle ZIM, 


(by Caſe 4.) tan. MZ : rad: : tan. MI: coſ. M = 
tan. 


D Xx rad. And in the ſmall right angled 


triangle Mmo, which ay pals for a plain triangle, 


n. MI 
rad : wag : coſ. M 1 MZ * rad) Mo * 


tan. 


2 * Mm. And by the fame way e 


tan. S1 


an. 
Mm, Ss are exceeding ſmall, the arch Dm will be 


— — or DM — Mo; and the arch Ds 
| | equal 


7 X 83. Now ſince tlie arches f 


5 
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equal to Dp or DS + Sp. Therefore the ſum Dm Fig. 
+ Ds = DM — Mo ＋ DS + 5p; that i is, the og. 
whole 6s 5 MS — Mo + Sp. „ 
3 Example. | 
1 92 = 56* 17! 4% moon's parallax 26 18 
et 


ZMS 23g 22 o refraction — 27 


28 = 36 2 2 | 25 5 
or Mm = 15514 
Then, ſtar's refraction 
x < 95 = 41 


Tan. Ms. 5 28 1 28 1 
28 T 2M 3 97283719 


tan.— 2 — 31 4 30 9.780606 
tan, 5 42 30 8.9998270. 
18.7798876 


mn. Q, = = 625 2722 90515157 
SI = 34 34 19 | 
MI = 21 43 25. Then, 


Tan. MZ. 25 22 9.6758903 
tan. MI, 21 43 9.600194 3 
* 251 3.906118 

12. 7908061 


Mo = = 1303" = = 2/430 2. — 
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| oF THE. Moon 
1 Aba, „ 5 


36 47 65937 
34 34  9-8382164 


a "0s 6127838 
„5 1 = 
Sp = TER 35% — — — 1. 5773064 a 
221 — MS —— r 5 
. Mo = — 2:0 
TI 55 56 or 
w. = 55 56 39. 


the true ſtance. 


Schorf. 


de point m is always above M, — the 
moon's parallax is always greater than the refrac- 
tion. And the points s is always below S, becauſe 
a 8 ſtar has no parallax. | 


PROP. XVIII. Prob. 
To find the quantity of matter in the moon. 


Since (by Prob. XVIII. Sect. Iv. ) thi moon's 
9 diſtance TL is 60. 3 of the earth's radii, or 
39.15 diameters; and her mean apparent diameter 
2AL is found to be 35 16”, Therefore it will be, 
as rad: $.g1' 1G" : : 30.15 : moon's real diameter 
=3-24742, the earth's diameter being one. For 
rad: IL: : S. LTA LA: : S.2LTA : 2LA. 
Then (by Cor. 5. Prop. XXVII. Cent. F orces) 
the ſun's force is to the moon's force; as 1 to 4. 40. 
And (by Cor. 6. ib.) theſe forces are as DF*y and 


dy; putting D, 4 for the denſities, and F, F for 


N the apparent diameters, . y is given, being the 
ame 


1 — 2 
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ſame in both. Whence we have 1: 4.46 : : DF3 : Fig. 

4% = 4.46 x DF», therefore d = 4:49 X PE 3 
_ | 


Where F, the ſun's apparent diameter, is 32/ 12/; 
and D his denſity, 100. Whence 4 = 487 the 
moon's denſity. | OS. 
The quantities of matter are as the denſities, and 
cubes of the diameters. And the earth's denſity 
(by Cor. 2. Prop. XXIV. Sect. V.) is 393, and his 
diameter 1. Therefore 393 X 15: 487 X 2743 :: 


| quantity of matter in the earth : quantity of mat- 
ter in the moon = 457 X-274" = .055 of the 


earth's matter. Therefore the quantity of matter 
in the moon, to that in the earth; is as 1 to 39.2. 


Cor. 1. The diameters of the moon and earth, are 
as 1 to 3.64. „ 


Cor. 2. The denſity of the moon, to that of the 
earth; „„ | | 5 


Cor. 3. The weight of bodies at the moon, to their 
weight at the earth; is as 1 to 3 nearly. 
For (by Cor. 3. Prop. 24. Sect. V.) the weight 
is as the denſity and diameter; which, in the moon 
and earth, will be as 1.23 X 1, to 1 x 3.64; or 
as 1 to 2.96. e 


PROP. XIX. 5 


The perturbating forces of the planets, upon the 
moon, are exceeding ſmall, and their effefts inſen/ible. , 


For (by Cor. 6. Prop. XXVII. Cent. Forces) the 
. perturbating force of any of theſe bodies, is as the 
denſity and the cube of its apparent diameter. 
Now when Venus is neareſt the earth, her appa- 
rent diameter is 707; and her denſity being un- 
| | known, 


„ o ets 
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Fig. known, we may ſuppoſe it ſomething greater than 

that of the earth which is 393, the ſun's being 100. 

Suppoſe it is to the earth's, reciprocally as its diſ- 
tance from the ſun. Then the denſity of Venus 
will be 560. And the ſun's mean apparent dia- 
meter is 1932. Therefore the perturbating force 
of the ſun, is to that of Venus; as 100 X 19322 

to 560 X 703; that is, as 2754 to 1. Now among 
the moon's equations take the greateſt of any of 
them, and it will appear how ſmall a ſhare this has 
in it. Suppoſe the greateſt equation of the annual 

argument (or the ſun's diſtance from the apogee). 
be 5 degrees or 18000 ſeconds, the ſhare of Venus 

in this, is but the 2754th part of it, which a- 

mounts only to 6 ſeconds; ſmall a quantity as. 
not to be diſcovered by any obſervations. And 
in the moon's variation, it would not amount to a 
ſingle ſecond. oe | 

Then, for Jupiter. His denſity is 94, and his ap- 

parent diameter when neareſt the earth, 46%; 
therefore the ſun's perturbating force, to that of 
Jupiter, is as 100 x 1932? to 94 * 465; that is, as 
78820 to 1, which is 28 times leſs than Venus's 
perturbating force. And Saturn's is far leſs ſtill. So 
that their forces produce no ſenſible effect in the 
moon's mation. | | 
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Cor. Hence all the viſible effects relating to the moon's 

trregular motions, are owing entirely to the perturba- 

ting force of the ſun; aud that of. the planets muſt be 
Qiu left out of the accaunt.. 


| SCHOLIUM., 

Altho' all the errors in the moon's motion are te 
be attributed ſolely to the action of the ſun; yet 
the motions produced thereby are ſo various and ſq 
combined with one another, that it is hardly, pol- 
ſihle to aflign to them all, their due quantities. 

* From 
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From whence it muſt follow, that any ſet of tables, Fig, 
made upon any ſuppoſed quantities of theſe mo- 
tions, tho' they may anſwer for the preſent, will 
deviate in a certain number of years and be wide 
of the truth. And it cannot be otherwiſe, ſince 
the equations are ſo many and fo variouſly mixt. 
For ſeveral of them being given together by lump, 
the aſſigning to them their due proportions depends 
more upon judgment than theory. For all theſe 
equations depend upon the original projection of 
the moon which we do not know. And therefore 
aſtronomers are forced to do as well as they can, in 
a caſe where they want proper data; and that is, 
by trying one ſet of equations after another, by in- 
creaſing ſome and leſſening others, or adding new 
ones, till they agree to obſervations; which can- 
not hold true long upon ſuch a foundation. From 
hence I think, one may conclude, that no ſet of 
lunar tables” can ever be made, that will ſhew the 
. moon's place to a minute, nor perhaps to two or 
three, ſo as to be depended on at all times. 

As to the acceleration of the moon's motion, if 
there be ſuch a thing, it can ariſe from nothing but 
the waſting of the ſun, by its continual emiſſion of 
ſo much light. For if light is a body, which has 
a gravitating property like other bodies (as its re- 
fraction ſnews); then the ſun's force will be leſſen- 
ed by the loſs of ſo much matter; which will cauſe 
the earth to recede further from the ſun, and by 
that means ſhorten the periodical time of the moon, 
Whether the earth does really recede further from 
the ſun, or not, may perhaps be known by com- 
paring the ſun's greateſt or leaſt apparent diameter, 

_ obſerved many ages ſince, with the preſent. For 
I can ſee no reaſon for the acceſſion of new matter 
to the earth, to increaſe its centripetal force, and ſo 
ſhorten the periodic time of the moon. But if the 
waſting of the ſun be the cauſe, it will likewiſe 
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324 OF THE MOON 
; Fig. lengthen the 3 time of the earth, as well as 
| leflen that of the moon; whilſt the quantity of 
matter in the earth, and its diurnal rotation remains 
unaltered. And then the effect of both theſe toge- 
« ther, will be very viſible in a long ſeries of years. 


| PROP. XX. Prob.- 


. To find the errors in tbe motion of a ſatellite, oo 
. ticularly in the firſt ſatellite of Jupiter. 8 


Let ) per. time = m= 655.73 hours. 
I ſatel. per. time ='s = 42.47 hours. 
| earth's per. time = y = 365.25 days. 
A period. time = Z = 4332.5 days. 
Then (by Cor. 6. Prop. XXVIII. Cent. Forces), 


the mean angular errors in the ſatellite and moon, 
| 1 


| m . 
are as 2 90 5 And the 1 errors in the ſa- 


SS mm 
| tellite, and the moon, are as 2g to — Therefore 


| rhe mean angular error in the ſatellite, to the mean 
| mz 
angular error in the moon; is as 1 to . 

And the periodic error in the ſatellite, is to the 


| MMEY 
periodic error in the moon; as 1 to 5 


. 1. In the firſt ſatellite of Fupiter, the mean 
angular error in the ſatellite, is to the mean angular 
error in the moon; as 1 t 2172, 


And the periodic error in the ſatellite, is to the Pe- 
riodic error in the moon; as 1 10 33541. 


Cor. 2. The motion of the nodes of Fupiter's 1} 


es is 53+ min. in 100 years , and of the apogee 
+25 min, in the Jame time, | 
| „„ For 


\F 
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For the motion of the moon's nodes in a year Fi ig · 


| is, 19˙. 30nd 7755 = _ 89% = | Alſo the 


motion of the apogee in a * is 99.20, and 
920 3 
2172 © 423% = 25k 


Cor. 3. All the equations of Jupiter's firſt ſatel- 


lite, as of the node, apogee, variation, c. generat- 
ed in its periodical time, are inſenſible and vaniſh. 
The greateſt equation is that of the annual argu- 


18000 
i 33541 
RI. - nearly, being little 1 more than half a ſecond. 


ment, which ſuppoſe 5* = 180000. Then 


Aud 2 the leſſer ones quite vaniſh. 
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r 
The Eclipſes of the Sun and Moon, and 
of Jupiters firſt Satellite. 
. 3 a — TOY 3 | . — 8 ks 

PROB. I. 


Fig. To find all the requifites relating to the ſhadow and 
pennmbra in an eclipſe of the moon. © 


111. Let AB be the ſun, CD the earth. Draw AC 
BD, by the edges of the ſun and earth, which will 
meet. in a point V, becauſe the ſun is bigger than 
the earth. Thro' the centers of the ſun and earth 
S and T, draw STV. Alfo draw BCE, ADF, 
touching the contrary ſides of the ſun and earth, 
interſecting in P; alſo draw SC and CT. Then 
the figure ACEFDB contains all the requiſites; and 

all of them will be known, by ſolving ſo many 
plain triangles. And if the whole figure be turn- 

ed round, about the axis SV, the lines AV, BV, 

| APF, BPE, will generate the two cones CVD, 
| EPF; the cone CVD is the dark ſhadow of the 

l carth, and EPF infinitely continued, is the penum- 

bral cone. And beyond V, the ſection of the cone 
EPF, will be all in the penumbra. 


Cor. 1. Half the angle of the cone of the earth's 
ſhadow CVT, is equal to the ſun's apparent ſemidia- 
meter, leſs his horizontal parallax. 
For in the triangle SCV, the external angle SCA 
= CVS + CST. And CST is the ſun's parallax. 
Therefore CVT = SCA — CST. 


Cor. 


and bis horizontal parallax. 


Set. vll. E C L IPS E s. 32) 


Cor. 2. Half the angle of the earth's penumbral Fig. 
cone CPT, is equal to the ſun's apparent ſemidiameter 111, 
For in the triangle CSP, the external angle CPT 
= PCS + CST. | 


- g. Hence, half the angle of the earth's pe- 
mumbral cone CPT, is equal to balf the angle of the 
= cone CVT + twice the ſun's borizontal parallax 


Cor. 4. The apparent ſemidiameter of the earth's 
dark ſhadow IK, upon the moon's orbit, is equal to the 
73 of the horizontal parallaxes of the fun and moon, 
eſs the ſun's apparent ſemidiameter. 
PFor angle VCI = CIT — CVI = (Cor. 1.) 
CIT — SCA + CST. | 


Cor. 5. The apparent ſemidiameter of the earth's 
penumbra Gl, upon the moon's orbit, is equal to the ſum 
of the horizontal parallaxes of the ſun and moon + the 
ſun's apparent ſemidiamerer. 5 
Por in the triangle PCI, the external angle ECI 
lr +CPT ={OCOor. 2.) CIT + PES + EST. 
Cor. 6. Hence to find the length TV of the earth's 
ſhadow. In the triangle CTV there is given the angle 
V (Cor. 1.) = ſun's apparent ſemidiameter — bis pa- 
rallax, and CT the earth's radius, to find TV. 


To find all the reqaifires belonging to the ſhadow and 
penumbra, in a ſolar eclipſe. 8 n 


Let AB be the ſun, KL the moon, CD the 112. 
carth. Draw the tangents AK, BL, by the edges 

of the ſun and moon, on the ſame ſide, to meet in 

V; and BKG, ALH to touch the contraty ſides. 
Draw SK, IK; and thro” S and I the centers of 
70 3 Y4 1 due 


E C LIV S E S. 


Fig. the ſun and moon, draw the axis SIV. Then if 
112. the whole figure AKVLB be turned about the axis 


SV, the ſides AV, BV, and PH, PG, will gene- 

Tate two cones KVL, 'GPH, The cone KVL is 
the dark ſhadow of the moon, and the cone GPH 
is the moon's penumbral cone. Then in the figure 
AKGVHLB are contained all the requiſites ; which 
will be found, by ſolving the ſeveral plain tri- 
angles therein. 


Cor. 1. The angle of the cone of the moon's ſhadow 
| KVL, the angle of the penumbral cone KPL, the an- 
gles GKV, and HLV, are each equal to the fur S ap- 
parent diameter AKB, very near; and half the angle 
of either cone Por V, is equal | to the ſun's apparent 
ſemidiameter. 

For by reaſon of the great diſtance of the ſun 
from T, in reſpect of TP, TV, II; the apparent 
diameter of the ſun, ſeen from any of the places 
V,. T, I, P, K, will be the ſame; that is, the an- 
gles AVB or KVL, APB or KPL, AKB or GKV, 
ALB or VLH, are all equal ; differing only by the 
angle KS], which i in the moon is inſenſible. 


Cor. 2. The height of the cone IP is equal to the 
height of the cone VI. Aud KPL, KVL, are equal 
and fimilar. 

For the angles at P and V are equal; and KL i a 
common. 


Cor. 3. The apparent 5 of the moon's 

dark ſhadow QO, upon the earth at O, ſeen from the 
moon, is equal to the moon's apparent ſemidiameter 
— the ſun's apparent ſemidiameter. And if the ſun's 
ap. ſemidiameter be greater, tbe ade does not reach 


be earth. 


For draw KO; then in the criangle KOV, VKO 
 —KOS-—KVS=KOlI AYS = = KOI—z x ſun 8 
ap. (by Cor. 1.) 5 
| or, 


r 


ä 
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Cor. 4. The apparent ſemidiameter of the moon's Fig* 
penumbra GO, upon the ſurface of the earth, as ſeen 112* 


from the moon, is equal to the ſum of the apparent 


ſemidiameters of the ſun and moon. 


Draw GI and TGR. Then in the triangle GPI, 
the external angle GIO = GPI + PGI = KPI + 


KGI = KPI + KOI = (Cor. 1.) AKS + KOI. 
Cor. 5; Hence to find the length IV of the moon's 


ſhadow. In the triangle KVI, there is given the angle 
KVI = half the x apparent diameter, and Al the 


earth's radius; whence VI will be had. 


Cor. 6. And 0 find the arch QN of the rept in- 
volved in the moon's dark ſhadow. In the triangle 

VT, we have given TV the difference between the 
moon's diſtance from the earth, and the beight of the 
ſhadow ; and the angle QVO = the ſun's ap. ſemi- 
diameter (Cor. 1.), is TQ the radius of the earth; 
- to find the angle TQV, 10 which add QVT, and 

the ſum is the angle QTO or arch QO; and doubled 
gives the whole arch ä 


d 


Cor. 7. And to find the arch of the 8 6H in- 


volved in the penumbra. Say as the earth's radius 


GT: to 8. fun Ss ap. ſemidiameter : : ſois PT the 


fum of the moon's diſtance and cone's height : to S. TGP 
or RGK. From this take the ſun's ap. ſemidiameter, 
and there remains GTO = GO, and doubled gives GH. 


For in the triangle GPT, there is given the an- 


gle P = the ſun's ap. ſemidiameter, and PT the 


moon's diſtance and height of the cone, and TG 
the earth's radius; to find the angle RG K = GPT 
＋PTG. Therefore PTG or OTG RGK 
GPT. RGK — ſun's ap. ſemidiameter. 


5 * % - 1 
* ” * # 4 4 % 4 * 
P R O B. 


_ - " * — 
e & gt LRN” IS TART 8 — — 3 c n 
» Ec CORR CF 


350 


Fig. 


113. 


E 1 123 z s. 


R O B. III. 


— or the difance from the 
#ode ; <when an eclipſe of of the ſas or moon will happen, 


It is evident an eclipſe of the moon can only hap- 
n, when the diſtance of the centers of the moon, 
and of the earth's penumbra, is leſs than the ſum 
of their ſemidiameters. For if the diſtance is great- 
er, the moon and penumbra cannot touch one a- 


ee 


Alſo an eclipſe of the ſun cannot happen, unleſs 
the diſtance of the centers of the ſun and moon, 
be leſs than the ſum of their ſemidiameters; when 
ſeen from a certain place. But that it ſhall a 50 
pear in no place, the moon's parallax muſt 
added to the ſum of the ſemidiameters. 


25 herefore in lunar eclipſes, the moon's latitude 
mu 


be leſs than the ſum of the ſemidiameters of 
the moon and of the earth's penumbral ſhadow, 
taken at the moon's orbit. And in eclipſes of the 
ſun, the moon's latitude muſt be leſs than the ſum 
of the ſun's and moon's ſemidiameters, added to 
the moon's horizontal parallax ; that the eclipſe 
may be viſible. ſome way. Or without the paral- 


lax, to be viſible in a certain place. 


Therefore in the right angled ſpherical triangle 


SM, having the angle 8, and the diſtance SM, 


the diſtance of the ſun from the node. 8S will be 
known, or the ecliptic limits. 

Here SM (the ſum of the ſemidiameters) will be 
known by the two former Props. But ſince all the. 
quantities here concerned vary at different times, 


all which muſt be found agreeable to a particular 


time given. I ſhall therefore calculate the ecliptic 
limits, correſponding to all their mean quantities. 


The 


* 


Seck. VII. * G L 


The ſun's mean ap. ſemidiameter 16 * | 
his parallax — = 12 
moon's mean ap. ſemidiumeter 15 38 


her arallax — _ 


| Hence will be had, | 
ſemidiameter of earth's penumbra 1 13 21 
ſemid. moon and earth's ſhadows 56 51 


ſun and moon's ſemidiam. — 31 42 
the {ame with the parallax — — 1 28 47 


In the triangle a SM for the moon's eclipſe. 
Here SM = 15 ay 21 + 15 FR = 1* _—_— . 


S.2 =65 8 — — 8.952398 
S.SM = 1 28 59 — — 8.413067 
rad, — — — 10. | 


S. 88 16 49 — oo Yo 


the limit for the moon's eclipſe at a medium. 


In the triangle 8 SM for the ſun's eclipſe, | 
Here i 28 47 
8. 8. 5 ù : — — 8.952398 
S. S = * 28 47 — — 8.412009 
Rad. ive . ao» 


S. 8 8. 16 45 — — "9.459611 


the limit for the ſun's eclipſe, in any place; about 
the ſame as for the moon. 


But for a particular place, SM = 3t 42; and 


88 comes out only 5? 5 for the limit. 


Cor. 1. Hence there will at leaſt be 4 edigſes in a 


year, taking one year with another; two of the maon, 
* 4⁴⁰⁰ of the ſun. 


For 164% + 16* 45 = 33 32 or 335. There» 


limits, twice in the year. During which time the 
moon 


fore the ſun ſtays above a month within the ecliptic 


n 


Fig. moon makes two revolutions, and therefore muſt 


113, cauſe two eclipſes, either time; oge of the moon 
and another of the ſun. 


Cor. 2. In a general « Way, half of the eclipſes will 
be invifible at any given place. And conſequently one 
year with another there can only be two viſible eclipſes 
in a year, one of the. moon, and one of the ſun. 

For the ſun and moon ſpend as much time be- 
low the horizon as above it. 


Cor. 3. By the ſame method the delete limits may 
be found for total echpſes, as well as for partial ones. 
That is, by taking SM = the difference of the 
ſemidiameters of the earth's dark ſhadow and of 
the moon, in lunar eclipſes; or the difference 
of the ſemidiameters of-the moon and: ſun, in ſolar 
_ ecliples,. (by Cor. 4 - TOP: * 


Cor. 4. Eclipſes do not ha appen always i in the ſame 

ae . of 2 zodiac; but in places more and more weſt- 
ward. 
For the eclipſes being about the nodes, and the 
nodes regreſſive at the rate of 19 deg. in a year; 
therefore the places of the eclipſes are 19 deg. 
more weſt every ſucceeding year. 


PROD. -I:. 


Having the inclination of the moon's bit to the 
ecliptic, for a given time; and the borary motions of 
the ſun and moon; to find the angle that the moon's 
way from the ſun makes, with the ecliptic, at tbe 1 time 


of an eclipſe. 


114. Let a8 be the ecliptic, & M the moon's or- 

bit, 8 the node. And let S be the ſun, in the 

ſun's eclipſe ; or the center of the earth's ſhadow, _ 

in the Aan S eclipſe; and M the moon at the _ 
0 
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of the ſyziges. Take QA to 8&S as the ſun's ho- Fig. 
rary motion, to the moon's, at that time; draw 1 14. 
| MA, then MAS is the angle required z and AM 
the moon's apparent orbit. 
For by conſtruction, in the time that the moon 
has been moving from 8 to M (that is, thro* g S 
reckoned in the ecliptic), the ſun has moved thro? 
a ſpace DS equal to 8 A. Therefore the ſun was 
in D, when the moon was in the node at 8. Draw 
| DB, MB parallel to. SM, SD; and draw B, which 
will be parallel to MA. Now ſince the moon 
makes the ſame latitude DB or $M, in the ſame 
time, whether the ſun moves or ſtands ſtill. And 
ſince SM is her latitude, when the ſun is at S, DB 
(equal to SM) will be her latitude, {ſuppoſing the 
ſun had ſtood at D, without any motion towards S; 
and conſequently & B will be her apparent way, 
| to an eye at D, thro' which ſhe ſeems to move in 
A the ſame time. Or, which is the ſame thing, AM 
will be her apparent way to an eye fixt at S. For 
the triangles AMS and & BD are equal; and MAS 
I is the angle of her way with the ecliptic. By the 
+ theory ox relative motions, in bodies 3 the 
ſame way, all the apparent motions are the ſame, 
as if one body ſtood ſtill and the other moved for- 
ward, with the difference of their motions. And 
here 8 D or Ag is the difference of their motions, 


* * & EE wats af 


ſuppoſing S to be fixt. | 

£ Cor. 1. Hence, as the moon's horary motion: to the 

F ſun's horary motion: S the diſtance from the node 
to A8. Then SA = 88 — As. 

We FFT of SA: rad: : tan. moon's lat. 

= SM : tan. angle A. 

4 Cor. 3. I is the apparent orbit AM bar af be 

g made uſe of in calculating all the. particulars of an e 


| chi 2. 
* For 


in oppoſition. 


thence the time when ſhe is at P, 
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For an obſerver conſiders not S as moving; and 


114. therefore only the relative motions are concerned. 


1 
To calculate an eclipſe of the moon. 


The Precepis. 


1. Find the true time of the oppoſition, when an 
eclipſe is to happen, by Prop. XI. Sect. VI; and 
let that be reduced to apparent time. 


2. By Prop. XII. Sect. V, and Prop. X. Sect. VI. 


find the true places of the ſun and moon, when 
As alſo the ſun's mean anomaly, 
and the place of his apogee. Allo the place of the 
moon's aſcending node, and of her apogee, and her 
latitude. . 5 


115. 3. Let 8 8 be a part of the ecliptic I M the 


moon's orbit; S the center of the earth's ſhadow, 
and M the moon, when in oppoſition. Take 8 A, 


to 8 S which is known by calculation; as the ſun's 
horary motion, to the moon's. Which motions are 
| known from the aſtronomical tables. Draw AM, 


for the way of the moon from the tun, by Prop. 
IV. Then in the right angled ſpherical triangle 
ASM, there is given AS(=8S— 8A); and SM 
the moon's latitude found by calculation : to find 
the angle SMA. . 1 

4. Let fall SP perpendicular to AM. Then 
ſince the arches SM, MP, SP, are very ſmall, they 
may be taken for right lines; and the triangle SMP 
for a plane triangle. Then having SM and angle 
SMP; MP and SP will be found. Where P is 
the place of the moon in the middle of the eclipſe. 
Like wiſe the time of the moon's moving thro' MP 
will be known by her horary motion; and from 
or the middle of 
the eclipſe. | ; 
= 5. From 


112. 
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5. From the aſtronomical tables, find the ſun and Fig. 
moon's apparent ſemidiameters, for the time of op- 11 5. 
poſition; and their horizontal parallaxes. 

6. From any convenient ſcale of equal parts, 
with the center P and radius PB, equal to the mi- 
nutes contained in the moon's radius, deſcribe the 
circle BCo for the moon. And with the radius S 
(equal to the ſum of the ſun and moon's horizon- 
tal parallaxes — the ſun's ſemidiameter, all in mi- 
nutes), deſcribe the circle DEB, from the center 
8, then this circle (by Cor. 4. Prop. I.) will repre- 
ſent the earth's dark ſhadow. Likewiſe with the 
ſame center S, and radius SF (equal to the ſum of 
the ſun and moon's parallaxes + the ſun's ſemidia- 
meter, in minutes), deſcribe the circle FQG ; and 
this (by Cor. 5. ib.) will be the earth's penumbra. 

7. Theſe things being laid down, 1t will be eaſy 

to find all the requiſites by ſcale and compaſs, by 
meaſuring them; or rather by calculation, in the 
ſeveral right angled plain triangles, contained in the 
' ſcheme. Thus, to find when the moon firſt touch- 
es the penumbra at L; in the right angled trian- 
ole SPK, there is given SP, and SK (the ſum of 
the radii SL and PB), to find PK. Which being 
known, the time of the moon's paſſing thro? it will 
be known, by the moon's horary motion from the 
ſun. Again, to find when the moon firſt enters the 
dark ſhadow of the earth in D. In the right an- 
gled triangle SPI, there is given SP, and Sl (the 
ſum of the radii SD, PB) to find PI; and conſe- 
quently the time of half the duration in the ſha- 
dow. Alſo to find the digits or 12th parts of the 
moon eclipſed. Here no the part eclipſed is = 
| 1210 6no _ 
Su + Po — SP; and 25 or Pq is the number 
of digits eclipſed, 5 
In total eclipſes of the moon, the earth's ſhadow 
often reaches further than the moon. And then 
more 
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Fig. 


115. 
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* than 12 digits are ſaid to be eclipſed, ſup- 


poling the moon's diſk to be produced ſo far, 

If the time was required when the moon wholly 
enters into the dark ſhadow BED, it will be found 
the ſame way, as when it entered into the penumbra 


6p; as will be evident, by ſuppoſing GQ the 


dark ſhadow. In that caſe SI will be the difference 


of the ſemidiameters of the moon and dark ſhadow, _ 


No the times of paſſing thro' PI, PK, &c. be- 


Ing known, and the time of the middle of the e- 


chpſe at P; the beginning and ending will be 
known. | : V | 
8. Hence if the moon or circle CBo, never 


touches the circle GQF, there will be no eclipſe, 


not even by the penumbra. And if the ſame circle 


never touches the circle BDE, there will be no part 


of the moon torally eclipſed. And if the whole 
circle CBo enter into the circle BED, the whole 
moon will be totally eclipſed ; and that is when SP 
is leſs than the difference of the ſemidiameters SD 


and PB. If the point S be in the node, then P 


falls upon S, and the eclipſe is central. When 


only a part of the circle CBo goes into the circle 


BED, the eclipſe is a partial one, as in this figure. 
9. The time of the eclipſe being known for any 


particular place, it is eaſy to know, if it be viſible 


at that place; by knowing if the moon be riſen. 


Or the place will be known where the moon is ver- 


tical ; and therefore it will be viſible to all places, 
within a quadrant's diftance from it. 


10. It muſt be noted, that if the ſpectator lives 
in the place (or in the ſame longitude) which the 

tables are calculated for; he will ſee the eclipſe at 
the time determined by the calculation. If not, he 


will ſee it an hour ſooner for every 15 degrees dif- 
ference of longitude, that he lives weſt from it. 
And ſo much later, if he lives eaſtward ; that 1s 


in che way of reckoning time. But in regard to 


abſolute 


8 
a 
4 
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abſolute time, it is ſeen from all places at the fame 


inſtant. 


Example. 


7. o find the time of the moon's eclipſe Dec. 1 2, 1 7693 3 
its duration and digits eclipſed. 

1. The mean time of the lyziges, by the tables, 
is found ta be Dec. 124 19˙ 25", at which time the 
moon's horary motion from the ſun is 35! 337. At 
this time, computing the true places of the fun and 
moon, the moon will appear to be 35 10 before the 


| fun. And therefore the time is paſt the ſyziges, 


59" 12%, Therefore, 
from 1* 19 277 0 
tie %o ";& x 
true time 1 18 27 48 


only 7 
time; therefore the time of oppoſition i is 12185 


29* 36", which reduced to ) APP time is Dec. 
12 180% 


337 
Fig. 


115. 


The Places being computed again, the moon is 
before the ſun, which amounts to 125 of 


2. The ſun's place is 8˙215 37 2 
the moon's place W 
lace of the aſcending node 8 14 46 12 
E latitude fouth — — 37 58 
the ſun's horary motion 2 33 
moon's horary motion | 8 6 


3. Hence the moon is 6310 22 ' paſt the de- 


ſcending node; that 1 is, 8S18 6˙ 51' 22. There- 


fore 8 A 27 32“, and AS = 0*23' 50". Tue. 


fore the angle SMA = = 84 22 28”. 


4. Hence drawing the ecliptic RS, and SM perp. 1 16. 


to it, and equal to 37/ 58" from a ſcale of minutes. 
And making the angle SMA = $4” 222. You will 
find the perpendicular SP? == 35 47”, and MP = 
3 43'. And therefore, the horary motion of the 
moon from the fun. being 35' 33', PM will be 
paſſed over in 6 17". And ſince * is before the 
| | — | Oppo: 
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Fig. oppoſition at M, this time muſt be deducted from 

116. the time of oppoſition. And the time of the 
middle of the eclipſe will be Dec. 12 18 26" 34%. 


Pie ſun's apparent ſemidiam. 16 20% 


his horiz. parallix — — 12 
moon's ap. ſemidiameter 16 48 
her horizont. parallax © +7 
6. Hence the radius BP = 1& 48%. 
radius SD = 44 59. 


2, Tadius SF = 7 39. 
7. Hence alſo PK or Pk 860 34". 

and Pl or Pi = 48 53- 
and therefore the time of paſſing thro? PK is 2 26/ 
„ and thro' PI = 1* 27 20". 
duration in the ſhadow from I to i, is 2* 45". And 
the digits eclipſed 82 on the upper ſide. Whence, 
firſt entering the penumbra Dec. 13* 4* o 28* morn, 


entering the dark ſhadow at $4 4 
middle — — 6 26 34 
oppoſition — — 6 22 51 
leaving the ſhadow 7 — — 7 49 4 
leaving the penumbra — — 8 52 40 
duration — — 2 45 © 
digits eclipſed 82. | 


All theſe things may be determined near enough 
by ſcale and compaſs, in a large draught; making 
uſe of a ſcale of minutes and fixtieth parts; or ra- 
ther by making a ſcale of time anſwering thereto, 

by help of the horary motion of the moon from 
the ſun. For by this ſcale, the ſeveral hours and 
minutes may be marked along the line Ak, by 
which it will appear at what time the center of the 
moon is at any given point. For the time is known 
when the moon is at M, and from thence the 
points at each hour and minute are eaſily * 


And the whole © 
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And this conſtruction, with only right lines and Fig. 
circles, will be exact enough in a large figure; for 116. 
the beſt lunar tables give the times of the phaſes _ 
of an eclipſe no nearer than to 4 or 5 minutes of 
time; and therefore ſuch a conſtruction is ſufficient 

to anſwer the purpoſe. | 


Cor. 1. No eclipſe of the moon can laſt above 82 

bours, from the moon's firſt touching the earth's pe- 
numbra, 10 its laſt leaving it. 1 

For SK S 94 27“ = 94.45, and the horary mo- 


don is 35 33" = 35.55 5x5 = 2.66 2395 = 
SL... 929 3555 
ſemiduration. 


Cor. 2. No eclipſe of the moon, by the eartls ſba- 
dow, can laſt above 34 hours. Nor when total, above 
12 hours. 19 5 5 


55 15 61.78 | 
For SI = 67 45 = 61.58, and =x. 
or i 47 1.78, an 35.55 — 0-745 


=r' 45" = the ſemiduration, and SD — SI = 


* 8.18 
287 11" = 28.18, and — = 79 = 47”, the ſe- 


1 3555 
miduration. | 


Scholl IU M. 5 
| The refraction of the earth's atmoſphere, in lu- 
nar eclipſes, makes the ſhadow leſs; by bringing 
the rays, which terminate the ſhadow, ſooner to a 


point. And hence comes that red colour of the 
E ; . 5 $4 . 

moon, even in total eclipſes. But that light muſt 
wt be very dim, by reaſon a great number of the rays 
3 are ſtopt and loſt in the earth's atmoſphere. 
po The circles .terminating the ſhadow and the pe- 
« numbra BED and GQF, cannot be diſtinguiſhed. 
Dy For the darkneſs from BED, diminiſhes by inſen- 
he ſible degrees, to GQF, being darkeſt at E, and 
vi lighteſt at Q, where it vaniſhes inſenſibly. And 
: ry therefore the moon does not appear to be eclipſed, 


Z 2 | till 
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Fig. till ſhe is a good way within the penumbra. For 


116, that reaſon, there may happen eclipſes of the moon 


which cannot be diſcovered as ſuch. 

It may be obſerved that all lunar tables, ſhewe 
the moon's place in eclipſes, more truly in the ſy- 
Ziges than in the quadratures, or any other place. 
For the times of the ſyziges have been more accu- 
rately obſerved; and the moon's place more nicel 
obſerved in eclipſes, than at any other time; Oy 
from thence the moon's theory has been deduced. 
Beſides many of the inequalities ceaſe in the ſyzi- 
ges, but have ſenſible effects in other places; be- 
coming greater, as the moon is further from 
the ſyziges; being greateſt in the quadratures. 
Whence the lunar tables do not determine the moon's 
place truly in the quadratures. And her place cal- 
culated from theſe tables is not ſo exact in the 
quadratures as in the ſyziges. Several inequalities 
depend on the aſpect of the nodes and the ſun; but 
theſe ceaſe when the nodes are in the ſyziges. 
When the moon and the nodes are in the ſyziges; 
the moon's place, then wanting fewer equations, 
as being ſubject to fewer inequalities, will be more 
correct; than when ſhe is in other places, where 
there are more and greater inequalities, and more 
equations; which equations have never been truly 


fixed. From hence more errors will * out 
of the ſyziges, than in them. 


PR Q:B, V4 


To find the way of the moon from the ſun, in a foler 
eclipſe, ſuppoſing the obſerver at reſt. : 


117. Let HZO be the meridian of the hes HO the 
horizon, EC the equinoctial, EL the ecliptic, Z 
the zenith, P the — S and M the places of the 


ſun and moon in conjunction, ä the ſun's. me⸗ 
ridian. 


3 


„ 0 


if 
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Having found the ſun's diſtance from the node, Fig. 
88, and the moon's latitude SM, &c. take 8 A117. 


to 85, as the ſun's horary motion, to the moon's 
horary motion; then SA is known. Draw MA; 


then in the ſpherical triangle ASM, right angled 


at 8, there is given SA, SM; to find the angle 


SMA; AM being the moon's way from the ſun. 
But becauſe the eye of the obſerver is in motion, 
by the rotation of the earth ; which gives an ap- 


parent motion to the moon, contrary to that of the 
obſerver; we muſt find the quantity and direc- 


tion ot that motion. In the firſt place, ſince the 
obſerver is carried eaſtward, that is towards the 


point C, the apparent motion in the moon cauſed 


thereby will be in the line CS. And to determine 
the poſition of CS in reſpect of AM or SM, ſeve- 


ral ſpherical triangles muſt be reſolved, as follows. 


In the right angled triangle EDS, there is gi- 
ven ES and angle E to find DS and angle ESD 
or ASP; or theſe may be eaſier had from the aſ- 
troaomical tables. And in the triangle ZPS, 


there is given PS (the complement of DS), the an- 


gle ZPS (from the time of the day), and ZP the 


__ complement of latitude; to find ZS, and angles 
 PZS and ZSP. Then ZSP and ASP being known, 


ZSA will be known. And MSA being a right angle, 
ZSM will be known. In the right angled triangle 


CFS, there is given CF, the meaſure of the angle 


FZC (the difference between the angle PZS and 
the right angle CZP), and SF the complement of 


BSZ and ZSM being known, BSM will be known, 


25; to find CS, and the angle CSF or BSZ. Then 


And SMA being known, its ſupplement SMB is 


known, and conſequently the angle SBM. 


To find the quantity of the motion. That a- 
long AM is already known; and to find the ap- 
parent motion along SB. The ſine of 15 degrees 
(the horary motion of a point in the equinoctial) 


2 15 


== 
2 


3 
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Fig. is .259 to the radius 1. And if þ be the moon's ho- 
117. rizontal parallax, then the radius of the earth ap- 
pears at the moon under the angle h, and there- 
fore 15 degrees of the equinoctial appears under the 
angle of . 259; this then is the horary motion of 
a point in the equinoctial, viewed directly from the 
moon. And the moon's apparent motion ſeen from 
that point in the equinoctial is the very ſame. But 
this motion is to be diminiſhed upon two accounts. 
1. Becauſe it is leſs in a parallel circle, in pro- 
portion to the coſine of the latitude. And 2. 
Upon account of the obliquity of the motion, 
when not perpendicular to the rays of the ſun; 
and this will be as the ſine of CS, the ſun's diſtance 
from the eaſt or weſt point of the horizon. There- 
fore to find the quantity of this motion. 
" Io the Log. of . 2590 
add the col. latitude 
and the fine of CS, . 
Then the ſum, abating twice radius, is the log. of 
this apparent horary motion. Then this motion is 
to be compounded with the motion along AMB as 
follows. N | 3 
118. Let AS be a portion of the ecliptic, SB the way 
of the apparent motion, MA the moon's way from 
the ſun. Draw NM parallel to SB; and let MN 
be the horary mation along SB or MN, and MI 
the horary motion of the moon from the ſun. Then 
compleat the parallelogram NMIQ ; draw the di- 
agonal MR, which is the direction of the motion, 
compounded of the obſervers and the moon's mo- 
tions, and MQ is the total apparent horary motion, 
ſuppoſing the obſerver at reſt. Then in the plain 
triangle QMI, there is given MI, and IQ (or MN), 


4 and the angle MIQ = MBS; to find che angle 

| Ml, and fide MQ or the abſolute horary motion. 

1 And the angles QMI and IMS being known, QMS 
is known, 8 


_ Here 
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Here obſerve, if the fun be in, the eaſtern hemiſ Fig, 

Po in which caſe the concave ſide of the eaſtern 
emiſphere is here projected (in fig. 13,7), then the 

moon's motion from the ſun is from. M towards A, 

and the other apparent motion from. S towards B 

or from M towards N. But if the ſun is in the 

weſtern hemiſphere, this projection repreſents the 

convex fide of the ſphere; and then the moon 

moves from the ſun, in direction AM, and the. 

other apparent motion is from S towards C, being 


contrary. 5 
To calculate an eclipſe of the ſun, far a particular: 
place given. N | 


The eclipſes of the fun are more difficult to cal- 
culate, than thoſe of the moon; the latter being 
clear of parallaxes, which the former are incum- 

| bered with, which gives a great deal of trouble. 

But a great part of it may be avoided by uſing 

projections. inſtead of calculations. The rules are, 
1. Find the true time of the conjunction, and 
the places of the ſun and moon at that time; b 
Prop. 12. Sect. V. and Prop 10 and 11, Sect. VI. 
with all other requiſites by the foregoing Props. of 
this ſection; all for your particular place. 
2. Having found the way of the moon from the 
ſun as directed in the laſt Prob. by projection or cal» 
culation; find, by the aſtronomical tables, the moon's. 
horizontal parallax, her apparent diameter, and ho- 
rary motion; alſo the ſun's apparent diameter, and 
horary motion. | ow 8 
And here to avoid a great deal of calculation, 
if the ſphere be projected by a large ſcale, it will 
give all the 1 mr with ſufficient exactneſs, by 
maeaſuring the ſeveral angles and ſides, without any 
0 calculation, or very little. And here it 1s beſt ta. 
| ; T 2 = project 


0 N 


Fig. project the concave ſide, and then every thing ap- 


pears as it is in nature. Fi, 


219. 3. Find the moon's parallax of altitude, by 


making as rad: cos. altitude : : fo the moon's he- 
rizontal parallax : to her parallax of altitude V or 
Mm. Then find her parallax of latitude Ma, and 
longitude Ss, or my, by Prob. 17. Sect. IV. and 
from thence her apparent latitude and longitude 
is known. Fo 


120. 4. Draw the line ASL for the ecliptic, and from 


a large ſcale of minutes, erect SM * to AS, and 
equal to the apparent latitude ; make the angle 
SMR, as found in the laſt Proh. and draw & MR 
for the moon's apparent path. From S let fall SP 
perpendicular to MR, and SP will be the leaſt diſ- 
tance of the centers of the ſun and moon, or the 
middle of the eclipſe. From the center S with the- 
radius equal to the minutes contained in the ſun's 
ſemidiameter, deſcribe the circle ABC for the ſun. 
And from the center P, with the radius equal to the 
moon's ſemidiameter, deſcribe the circle ACD 
for the moon. If theſe circles do not interſect, 
there will be no eclipſe. But if they interſect, 
an eclipſe muſt neceſſarily happen. VK 
5. Then Pis the place of the moon in the middle 
of the eclipſe. Make SI and SK equal to the ſum 
of the ſemidiameters of the ſun and moon ; and the 
moon's center will be at I when the moon firſt touches 
the ſun, or at the beginning of the eclipſe. And 
EK s the place of the moon's center, at the end of 
it. In the triangle PSI, there is given SI, SP; to 
find PI = PK, which reduced to time, by help of the 
moon's apparent horary motion, ſhews half the du- 
ration of the eclipſe; and conſequently we ſhall 
have the beginning and end. „ 
6. And to find the quantity zo, or the digits e- 


= number of digits, * 7. The 
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7. The time found being mean time, it muſt be Fig. 
reduced to the common or apparent time, by the 
equation of time. And if the given place be not 
that for which the tables are made; add ſo much 
time, if your place lie eaſtward to the time of 
conjunction, as anſwers to the difference of meri- 
dians; or ſubtract it, if you lie weſtward, as is 
noted in article. 
Example. | | 

To find the time of the ſun's eclipſe, June 4, 1769, 
As duration and digits eclipſed, at London. - 

1. By the tables the mean time of the conjunc- 
tion is found to be June 3* 20* in. And hence 
the true time of conjunction is June 3* 20 2 43˙%. 

And their places are 2* 13* 51! 25”. And the 
moon's lat. 55 32 north. The moon's motion 
from the Tun 35 47”. „ 1 
2. The angle AMS = 8% 277. ZSM = 35* 117; 
20. CSF-=5* 18. SBC = 437 409% 3E nn 
42* 1H, CF = ge 24. CS = 42 24. The angle 
 QMI = 8* 25. SMQ = 92? 52. MN or IQ 
SEM MO = gi” 20, An. : 
The moon's horizontal parallax 60 58” _ 

her apparent diameter | - $3: 48 f 
her horary motion — — 38 10 

the ſun's diameter. — — 31 41 

his horary motion — 2 23. 

3. The moon's parallax in altitude Mm, is 45 119. 
cg; her parallax in latitude Ma, 38 og; her re- 
maining latitude Sz, 17 26“; her parallax in lon- 
gitude S, 24' 13“; which is increaſed ſo much. 

4. Draw SL for the ecliptic ; at any point I, 120. 
erect the perp. MS equal to 17 267, the moon's _ 
apparent latitude ; thro' M draw the moon's way 
8. MR, making the angle SMR = 9g2* 52. Draw 
SP perp. MR, which here falls very near M. From 
the center 8, with the radius SA = 15' 50 _— 

+ | 0 
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Fig. the circle ABC for the ſun. And with the radius 
120.MD = 16 46”, and center P, deſcribe the wo 
ADCO for the moon. 

„ Hence Pl or EK = 27 39% And the time 
of moving thro IP or PK, at the rate of g1' 20 

an hour, is 52" 4, for the ſemiduration. By 
reaſon of the parallax (24 130), ſhe is paſt the ap- 
parent conjunction; the difference being what the 
parallax cauſes, which comes to 46 23“. There- 

fore the middle of the eclipſe is ſo much ſooner, 
being at 30 195 4 20. This reduced to appa- 
rent time is 3* 19 43" 277, for the middle. 

6. The digits eclipſed are 5, nearly. 

In this example, I have ſuppoſed that the con- 
cave fide of the ſphere is projected, which ſuits 
beſt to the appearance of the heavens. And the 

figures are drawn upon that ſuppoſition. 

It appears from the proceſs, that the moon is 
advancing to her deſcending node, and therefore 
has north latitude. And by the poſition of that 
part of the ecliptic, her parallax, in longitude, ad- 
vances her ſo much forward, viz. 24 13. And 
therefore ſhe is ſo much paſt the apparent con- 
junction. Hence we gain theſe ſeveral particulars. 


The beginning of rhe * June 6: 6* 50” 42* morn. 


middle — 47 43 27 
end of it | 46 12 
total tics — — 1 45 30 


digits eclipſed 52, on the upper {ide of the 
ſun, towards the left; as appears by the figure. 


Cor. 1. Hence the poſition of the horns at C and 
A, are eaſihy found in the middle of the eclipſe. 

For they are in a politian parallel o RI, the 
moon's way. | 


Cor. 2. The middle of the eclipſe will not be at the 
' ſame time in all places of ihe ſame longitude. 8 
| | „ ar 


—— — — 
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For the parallax of longitude will be different in Fig. 
different place. ” 
Cor. 3. No eclipſe of the ſun can laſt above two 
hours. | ” 
For SI or SA + MD = 32' 36“ = g2.6, and 
Ee ; : 8 a © + A 4 32.6 | 
the horary motion 34 47” = 35.78. An 7 55 


= 91 = 54 minutes, for the ſemiduration. 


SCHOLIUM. 


If it was not for the parallax, eclipſes of the 
ſun were as eaſily calculated, as thoſe of the moon. 
And in order to get the parallax, the angle ZSM 
and SF muſt be known, which occaſions the re- 
ſolving ſeveral ſpherical triangles before they can 
be had. . Likewiſe it may be obſerved, that the ap- 
parent way of the moon is ſtriftly a curve line, 
concave towards S, which ariſes from the parallel 
of latitude being a curve, and the moon being out 
of its plane. Likewiſe the moon's apparent velo- 

city 1s ſomething greater at the beginning than at 
the end. But I deſcend not to theſe minute parti- 

culars, . - - 5 
FPR ON 


120. 


To calculate a general eclipſe of the ſun; or a# 121, 


_ eciipſe of the earth, 


1. The elements neceſſary for this are the follow- 
ing. The ſun and moon's place, and likewiſe the 
time, at the true conjunction. The moon's lati- 
. tude, horizontal parallax, diameter, and horary 

motion. The ſun's declination, diameter, and ho- 

rary motion, And the angle the moon's way 

makes with a circle of latitude. | 

2. From a large ſcale of minutes, take the 

moon's horizontal parallax in your compaſſes, and 

at any point C, in the right line BD (which repre- 
| cents 
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Fig. 


| 
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ſents the ecliptic), deſcribe the circle ABED, for 


121. the earth's diſk, or the earth's flat face as it ap- 


pears at a diſtance, in a line drawn to the ſun. Draw 


CM - perpendicular to CD, and equal to the lati- 


tude of the moon upwards if north. Make the 


angle CMG equal to that which the moon's way 


makes with a circle of latitude; acute to the right 


hand, if ſhe tend to the node; or obtuſe, if ſhe 


be paſt it; and drawing FMG, it will be the way 
of the center of the moon's ſhadow upon the earth. 


From C let fall CH perp. to FG. Then at H 
will be the middle of the earth's edipſe. With 


the center H, and radius HO, equal to the ſum 


of the ſemidiameters of the ſun and moon, de- 


{cribe the circle QUR, which will be the moon's pe- 


numbra, by Cor. 4. Prob. II. Alfo deſcribe a 


the moon, by Cor. 2. ib. 


{mall circle round the center H, whoſe radius is 
the difference of the ſun and moon's ſemidiame- 
ters, that little circle will be the dark ſhadow of 

2. Then all the countries of the earth con- 
tained in the ſegment VAW will be ſucceſſively 


eclipſed, by the penumbra, as the ſhadow moves 


along the tract FG. Whilſt the other ſegment 


VEW ſuffers no eclipſe at all. Likewiſe all places 


in the line st, will be totally eclipſed, as the dark 


ſhadow, or the ſmall circle at H paſſes ſucceſſively 


over them. But this circle, or dark ſhadow being 
very ſmall, a total eclipſe at any place, continues 
but a ſmall time. Sometimes the fun's ſemidiame- 


ter exceeds the moon's; and then there will be no 
dark circle, or total eclipſe, but a lucid ring will. 
appear about the moon in theſe places; and this 


rs called an annular eclipſe. The difference be- 
tween the femidiameters of the ſun and moon 1s 
ſo little, that no total eclipſe laſts above 4 minutes. 


4. Draw CF, CG = ſum of the ſemidiameters 
of the ſun and moon, and the moon's parallax, 


then 
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then the moon's ſhadow will touch the earth at L Fig. 
and K where the eclipſe begins and ends. In the 121. 
triangle CFH, there is given CF, CH; to find FH 

_ = HG, which converted into time, gives half the f 

duration, or half the time that the moon's ſhadow - 
18 upon the earth. Alſo NO meaſured, ſhews how | 
far the eclipſe reaches. Or CO meaſured does the a h 
fame. It may be ſufficient to meaſure all theſe by 5 | 

the ſcale without calculation. 0 i 

5. To find the pole. Draw the arch AP, making 
the angle KA equal to the ſun's longitude, and 
AP the diſtance of the poles of the equator and 
ecliptic, 23*z; then P is the pole. For AP is a 
part of the ſolſtitial colure, and paſſes thro? Cancer 
and Capricorn. And CAP is what the ſun wants 

of Cancer, therefore PAK is what it is paſt Aries. 
Thro' P draw CPT. And here we may ſuppoſe 
that the pole Pis fixed, during the time of an eclipſe. 
Then in the right angled ſpherical triangle APT, 
there is given AP and angle A; to find AT or an- 

_ gle ACP. In this triangle PT is the ſun's decli- 
nation, and APT or CPK his right aſcenſion from 
Cancer. Here note, that any place in the line CT 
is in the ſun's meridian. And C is the place where 
the ſun is vertical at the time of the eclipſe. 

6. To find the fituation of any given place, at 
a given hour. Make the angle CPX (with the ſun's 
meridian), equal to the time from noon; on the 

left hand, if it is before noon. And make PZ the 
complement of the latitude; then Z is the place 
required. And if it falls in the penumbra, it is 

eclipſed; or any where in the ſegment VAW; if 
its motion in the parallel circle do not carry it out, 
before the penumbra reaches it. 5 

F. To find the place which is firſt or laſt touch- 
ed by the penumbra, as K. Draw the arch PK. In 
the triangle CGH, there are given CG and CH, to 
find the angle GCH, from which ſubtract HCP 


wh ich 
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Fig. which is known, gives the angle PCK or TK. Then 
124, in the right angled ſpherical triangle PT K, there is 
| given TK, and PT the ſun's declination ; to find 
PR the complement of the latitude of K, and IPK 
or CPK the difference of longitude of K, and the 
ſun, Therefore its longitude and latitude is had. 
And after the ſame manner you may find that of 
L. And by the ſame method the lat. and long. of 
the places s and # may be found, where the dark 
ſhadow firſt enters the earth's diſk, or quite leaves 
it. | 


Alſo there may be found the place which is in 

l _ the1ine FH at any point of time; or if the place 

be given, what the time will be; and that by help 
of the horary motion, with ſeveral other particu- 

hars of like nature, which for brevity's ſake I omit. 
8. The part of the ſun's diameter eclipſed by 
the moon, 1s known by the ſituation of the place 

within the penumbra, or its diſtance from the cen- 
ter of the penumbra. 

And the phaſis of the eclipſe, as ſeen from any 
place Z, upon the diſk, will be found thus, for 
any time. Find the center of the ſhadow for that 
time, as ſuppoſe at H. Deſcribe about H, a cir- 
cle whoſe radius is the moon's radius; and about 

| A2, a circle with the ſun's radius. Then the part 
| cut off the ſun's circle, will be the part obſcured. 
| I omit drawing the figures, as they would perplex 


| the ſcheme. 


S |. _» Eranple. 
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3 Let us put the former example. To find the time 
and phaſes of the eclipſe, June 4, 1769. 


The elements are theſe following. 
1. Their places — 2˙ 1351025 
time of conjunction 8* 29 50 morn. 
moon's latitude — 85 32 : 
horizontal parallix  — 60 58 
diameter — — "$2 ol 
horary motion — 38 10 
ſun's declination  — 22 30 
his diameter — — 31 41 
and horary motion — 2 23 
angle of D way  — 84 27 
her motion from © — 35 47 


2, The diſk of the earth being drawn, and all 
the particulars ſet off as required, we have CA = 
60' 58%, EM = 55' 22%. „„ 
ow” 5 33, MH = 5' 22%, — 8 


3. Since CO = CH — HO = 22 40. And 
22 40 22.66 FS: 

55 55 50.96 3717 the nat. ime ft CO = 
21* 49). And NO = 68* 11. Therefore the pe- 
numbra paſſes over 68? 11' of the northern ſurface 
of the earth. Likewiſe CH = 652 5. Therefore 
the tract of the dark ſhadow cuts off a ſegment at 
N = 24* 37, and covers a ſpace = 1* 25. | 

4. In the triangle FCH, FH = x 
= 53* 48. The horary motion of the moon from 
the ſun is 35 47; therefore FH or HG is deſcribed 
in 2 6n 36. And the whole duration of the pe- 
numbra upon the earth is 4 13 12. And the 
time of the dark ſhadow, paſſing thro? St, is about 
3 quarters of an hour. | | 


0: 
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In the triangle ATP, AT or anole ACP = = 
67 54. 
6. In the triangle CPZ, there 1s given CP... 


and angle CPZ ; to find "CZ = 49* 18), and an- 


gle PCZ = 40* 27'; whence angle ACZ = 33® 
33% and HCZ = 395 6. So that when the place 
is at Z, the dark ſhadow is at M; being the time 
of the conjunction. But if the time be taken 46 
minutes ſooner, the place 2 would be nearer the 
line 5M, and the center of the penumbra near 5. 


For whilſt the place Z moves about P, towards O, 


by the earth's rotation, the center of the ſhadow | 


moves from 5s towards H. And their neareſt diſ- 
tance will be about + of HO. 

7- The angle GCN being 53 48, ECG. = =" 
27 = = TK; whence TPK = 79* 37, and CPK 
= 106 2 3, the dif. longitude from the ſun; and 


PK = 55 44 the comp. lat. of the place K, where 
the eclipſe quite leaves the earth. 


8. In the triangle MCZ, having MC, CZ, and | 


angle MC, the place in 2 may be exactly found; 


and the madow being at M, if a circle of the pe- 


numbra be deſcribed about M, the point Z will 
fall a little within it; ſo that the eclipſe i is not quite 


over at the time of the conjunction, 


Cor. 1. Hence may be known, all tbe places and 


countries thr which the dark ſhadow paſtes. 


For the time being known when the ſhadow comes 


to S, it will be known what place is at 8; and in 


like manner what place is at 7, when the ſhadow 
comes there ; the times being known from the hora- 


ry motion. "Likewiſe the time is known, when the 


ſhadow 1s at M, and at H. Then a line drawn 
thro* all theſe places on a globe or map; ſhows 
the tract of the ſhadow thereon. 5 


Cor. 2. Hence, the place where the ſun is n 


in ibe middle of 4 eclipſe, is eaſily found. 


For 


fl 
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For there is given the azimuth CF (fig. 117.); Fig. 
and diſtance, equal to ZS, the complement of the 121. 


ſun's altitude, 


in all places, as it is in a lunar eclipſe. 


Cor. 4. The middle of the eclipſe is ſeldom at or 
near the time of conjunction; but ſometimes ſooner and 
ſometimes later, according as the parallax increaſes or 
decreaſes the moon's longitude. Excest in the place 
where the ſun is vertical, where there is no parallax. 


Cor. 3. The ſur's eclipſe is not at the ſame inſtant 


Cor. 5. No general eclipſe of the earth can laſt a- 
| bove 5% hours. | en 

For AC + AO, or the whole ſemidiameter of 
the earth's diſk added to the ſemidiameter of the 
moon's penumbra, is 930 24 = 93.4; and the 
| 93-4 
35-78 


horary motion is 35' 47” = 35.78. And 
= 2.61 = 2 36", the ſemiduration. 


SCHOLIUM. 


Here all the circles concerned in the calculation, 
are ſuppoſed to be orthographically projected upon 
that diſk of the earth, which directly faces the ſun ; 
and that a ſpectator is placed at the diſtance of the 
moon, in a line perpendicular to the diſk. Then 
all the parts of the ſcheme will be ſeen under their 
proper angles, as they are laid down therein. For 
the diſk itſelf will appear under an angle equal to 
twice the moon's horizontal parallax; and the pe- 
numbra under an angle equal to the ſum of the di- 
ameters of the ſun and moon; and being ſmall 
arches, are truly repreſented by right lines propor- 
tional thereto : and therefore thoſe that underitand 
the nature of the orthographic projection of the 
ſphere, can eaſily tell how to meaſure any of theſe 

1 3 angles 
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by inſpection, what ſituation the place and the 


when the middle of the eclipſe is; thus may be 


„ 


Fig. angles or ſides, or lay them down as required. Now 
121. 


if the operations be performed on a large figure, 
the parts may be meaſured near enough. And 


moreover if the ellipſis repreſenting the parallel cir- 


cle of any place Z, be drawn, and divided into 
hours (or 15 degrees), beginning at Z, when the 


time of the conjunction is ſuppoſed to be known, 
and theſe diviſions be all marked with their pro- 


per number of hours; theſe will ſhew the places 
where Z is come to, at theſe ſeveral hours, and the 


contrary. And likewiſe if the tract FG be divided 


into hours, by help of the horary motion, begin- 
ing at the conjunction M, whoſe time is known; 


and if theſe be alſo marked with their proper hours; 


they will ſhew the places, where the ſhadow is at 
theſe ſeveral hours. And from hence may be known 


ſhadow have to one another, at any particular times ; 
and therefore when they are neareſt togerher, or 


known the phafis of the eclipſe, that is the appear- 


| ance of the ſun and moon eclipſed, at any time. 


But to do this, as I ſaid before, requires a very large 
ſcheme to work upon. : 


PROB. Ix: 


To find the period of eclipſes ; or the diſtance of time, 
in which the eclipſes will all return in the ſame order. 


Since the eclipſes depend upon the ſun and moon 


being near the node; it is evident that when they 
are in the ſyziges, and have the ſame ſituation, in 


reſpect to the node, that the eclipſes will return a- 


gain, the ſame as before. Therefore we are to find 


the diſtance of time when this will happen. 


„ 


Set. VII. E CIP S E 88 


355 
9 


m 8 d 


The time of the moon's 
ſynodic revolution is 75 1 44 F =29. 5306 
the periodic reyolution 27 7 43 12=27.3216 
revolves to the node in 27 5 5 35=27.2122 
do the apogee in 27 13 8 348=275-54760 
But as 27.3216 : 360 :: 10 : 13% 1764, the 
moon's motion in a day. A 
Let 4 = number of lunations, or of the moon's 
revolutions to the ſun, e = number of revolutions 
to the node, in the ſame time. Then that the ſun, 
moon, and node, may come together again, we 
muſt find à and e, ſo that 29.53964 27. 21220, and 


F But (by Prob. IX. Chap. IV. 


e 27.5306 
B. II. - Arithmetic), we ſhall find £ 7 — 2, 1 
ä 33. 47, 223 939 16186 4c. 
= K 63 242. 1019 17565 
| Alſo if y = number of revolutions of the moon 
to the apſis in the ſame time. Then 27.21e = 


h 27 
e | To examine theſe numbers ; omitting the _— 


fractions which are not exact enough; take . = <; 
Then 29.5306 X 47 = 27.2122 X 51 nearly; or 
1387.938 = 1387.222, near. And 1387.998 — 


Gy 138.222 = .116* = 1.52 = 15 degrees. $0 

that the moon, after 47 lunations, is but 14 degree 

beyond the node. And this period would do pret- 

n ty well, but that the apſis is not near the node. For 

24 nes AY p 22:20 X51 =y = 50.39% = ſome num- 
27:54 2 7-54 | 

Ie ber of revolutions to the apſis. So that the apſis 


is . 39 of a revolution from its former ſituation, 
which amounts to 10.7 days, or 140 degrees. This 
B would be 4 years wanting 73 days and 2 
a ours. oy the different poſition of the apogee 
he Aa 2 diſturbs 


$56 
Fig. diſturbs it ſo much, as to make it vary ſometimes. 
9 or 10 hours. 


. 


Then for the numbers 222: —2 or 223 Wü here 
242 


22 5306 „ 223 — 27.2122 X 242 = — 029% 


— 38% = — 23. So that the moon is but 
23 3 ſhort of the node, or of her former place. Alſo 


9 239 rev. + 3.2 days remain- 
27+54 

ing. And 3.2 days = 42 degrees, and ſo far the 
moon is beyond the apſis; or the apſis differs 425 
in ſituation. This period is 18 Julian years, 10 
days, 19 hours, 46 minutes. This is called the 


Plinian Period, or Chaldean Saros. 


Again, 939 lunations = 27729. 23345 and 2 


revolutions to the node = 27729". 2318, the 


ference is = ,0016* . oz 1 degrees, which the 


moon is paſſed che node. Alſo 2 23_= 
754 


1006.59 or 1006 revolutions to* the apſis + 16 


days, or 208 ſo that the apſis is in a wrong 
ſition. This period is 76 Julian years, abating 29 
days, 18 hours, 29 minutes. And the like for 


other periods. 


If you vary the numbers of revolution, but a. 

very little, you will find other periods, not con- 
tained in the former ſeries. And therefore differ- 
ent people uſing different numbers, will find dif- 
ferent periods. 


Cor. Any of theſe periods being often repeated, will | 


wary more and more; and at laſt will wear out. 
For the period of 47 lunations, runs a degree 
and a half beyond the node, and being 10 times 


repeated, it will be 15 degrees * and with- 


out the ecliptic limits. 
The period of 223 lunations, or 18 years, is but 
230 ſhort at the node; but being 42 times repeated, 

| will 
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will fall ſhort 16 degrees, and ſo will end; and F is. 


that is in 757 years. 


SCHOLIUM, | 
Here the year is ſuppoſed to conſiſt of 365 days 


and 6 hours; whilſt the common year conſiſts only 


of 365 days. Therefore for 1, 2, 3 odd years 
above a multiple of 4, allowance muſt be made for 
the 6 hours, and alſo for leap year, if it happens 
among the odd years. | 
FROM 
To obſerve the times and phaſes of ſolar and lunar 


: eclipſes. 


| The obſervation of eclipſes is of oreat uſe for 
correcting the tables of the ſun and moon, and 


alſo for diſcovering the different longitudes of places. 


In eclipſes of the ſun, the beginning and end are 
eaſily and plainly diſtinguiſhed ; for the light part 


is ſeparated from the dark, by a line, which is the 


fide of the moon's body, which makes the light 
art be diſtinctly terminated ; for which reaſon it 


is viſible at the firſt inſtant, and at laſt vaniſhes in 


a moment. But then one muſt look at it, thro' a 
coloured piece of glaſs; for there is no'enduring 
the ſun's rays. . | 

But to ſee more exactly the beginning and end, 
or any other phaſis ; the beſt way is to look thro? a 
teleſcope with a coloured glaſs. to defend the eye. 
Then having a good clock or watch to know the 


times of the beginning and end; the middle of the 


eclipſe is eaſily known. | Likewiſe the digits echp- 
led muſt be meaſured. | 
The figure of an eclipſe of the ſun may be pro- 


jected. upon a paper, after this manner. Place a 


teleſcope in a window ſhut, and let it be directed 


Aa 2 a 
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to the ſun that the ra - may come thro? it. Then 
place a paper ſo far from the eye glaſs, that the 


* ſun's diſk may appear diſtinct and of ſufficient 


| bigneſs o 


breadth upon it. Then if a circle be drawn of the 

1 the diſk, and divided into degrees, and 
the diameter into digits; then the poſition of the 
horns, may be found, and the quantity of the en- 


lightened part, or dark part, may be meaſured. 


think the moon eclipſed at all, till the darkneſs be 


I 3 paper be fixt at a certain place, you may 


make the image diſtinct upon it, by moving the 
eye glaſs in or out. 


In lunar eclipſes, neither the beginning nor end | 


can be diſtinctly perceived, by reaſon of the earth's 
penumbra; for as the real ſhadow and penumbra 
are not viſibly ſeparated from one another, or diſ- 


tinctly terminated ; no one can exactly tell where 


one ends and the other begins, nor conſequently 
when the eclipſe begins or ends. For we do not 


to great as ſenſibly to affect the eye. Tho' we are 


| ſure it really begins to be eclipſed, as ſoon as the 
penumbra touches it. Therefore the beſt way for 
making an obſervation is, to note the time when 
any remarkable place, upon the moon's ſurface, 
enters the ſhadow; which ſhadow we muſt judge 


of, as well as we can. And therefore we muſt 


uſe a teleſcope, as we can judge better by that, than 


by the bare eye, where the ſhadow begins. The 
place obſerved is eaſily known by a map of the 
moon. And it will be as well to obſerve two or 


three of theſe ſpots or noted places. This done 


the time mult alſo be obſerved, when the ſhadow 
leaves the place or places; and from theſe you will 
have the time of the middle of the eclipſe. T hus 


1f ſeveral people in different places obſerve any 
noted place agreed on upon the moon; then they 
will have the middle of the eclipſe in both places, 
| nearly. This way is more exact than obſerving the 


begin: 
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beginning or end, as none can diſtinguiſh ſo exactly 
between the true ſhadow and the penumbra, till 
they both appear upon the ſun's body together. 
P RO B. XI. ol. 
To calculate the time of an eclipſe of Jupiter's firſt 


Satellite. 


Having in Prob. 14. part. I. of my book of Na- 


vigation laid down the rules for doing it. I ſhall | 
not here repeat them, but refer the reader to that 
book; only taking notice, that as Dr. Halley's ta- 
bles being in time found to differ from obſervations ; 


I attempted to. make ſome alterations therein ac- 


cording to the obſervations I had made. But theſe 


obſervations not being ſo many as I could have 
wiſhed; I dare not venture to ſay, that theſe tables, 


will in all cafes give the time correctly. And there- 
fore I ſhould be glad if proper perſons, who have 
the benefit of an Obſervatory, would take this mat- 
ter into conſideration ; and by a ſufficient number 
of obſervations, made in all poſitions of the earth - 
to Jupiter and the Sun, conſtruct from thence a ſet 


of corre& tables. Which would be a thing of 
great uſe, as theſe eclipſes happen ſo often, and are 
ſo eaſily obſerved. Till then we muſt be forced 


to uſe ſuch tables as we have. Here I ſhall make ; 


uſe of Pound's tables (which we have among Hal- 
ley's aſtronomical tables), and thoſe of Wargen- 


tine, which are calculated for the meridian of Paris. 


1. By Halley's or Pound's Tables. 
E De Precepts. 


1. From the firſt table, take out the epocha 


for the year, with its correſpondent numbers 
A and B, And from the table of months, days, 
: ( Aa 4 &E. 
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&c. take the day, "hour, &c, next leſs than 
the time ſought for, with the numbers A and B. 
Add the ſeveral numbers together ; and you have 


the mean time of the middle of the eclipſe. 


2. From the table of the firſt equations, with 


number A, take out the firſt equation of the con- 


junctions; and the equation of B, to be added to B. 


3. From the table of the ſecond equations, with 
number B thus equated, take out the ſecond equa- 
tion of the conjunctions. And from the Iaft table, 
with number A, take out the third equation. Add 
all theſe equations to the mean time of the middle 
of the eclipſe; and you have the true equated time 


of the middle of the eclipſe. 


4. Alſo from the laſt table, with number A, take 


out the ſemiduration. And if number B equated 


be leſs than goo, ſubtract the ſemiduration, an 
you have the time of the immerſion ; if it be more 


than 300, add it, and it will give the time of e- 


| merſion. 


g. This being mean time, reduce it to the ap- 
parent time. And in leap year after February, make 


it a day leſs. When the numbers A or B exceed 
1000, reject 1000. 


Example. 


7 0 15 find the time of emerſion of Jupiter's Ih Sa- 
tellite, July 12th, 1768. 
I. By Pound's T. ables. 


Theſe tables being calculated for the old ſtile, 
yer muſt take out for July I, 


Sect. VII. E C IL. 1 1 S E 8. | x 261 

: We h m * A B 2 „ 
„„ 2 262 

July 7 5 44 421 488 
2 * 


mean time 2 . 131 44 717 
I cqua. | ; 29 3 | I9 | 
2 equa: y 5 736 | 
3 equa. |__ 3 a ©: | 


equat, time] 2 9 52 48 
ſemidurat. +1 4 19 
2 10 57 7|emerſion. 
leap year | 1 10 57, ©. | 
new ſtile [zZ 10 57 7 
ol 
2 


ap. time iz 10 32 


lof emer: 


2. By Wargentine's Tables. = 
. [| 
1. From Tab. 1 and 2, take the time for the given I 
year, and alſo for the month, day, &c. next leſs 
than the day propoſed ; with the numbers A, B, C; i 
which add into ſeparate columns, and you have the | i 
mean time of the middle of the eclipſe. il 
2. From tab. 3, with number A, take out the 
firſt equation; and the corrections of B and C to 
be added to them. „ Se 
23. From tab. 4, with number B, take out the 
ſecond equation. And from tab. 3, with number 
A, the third equation. And from tab. 6, with 
number C, the fourth equation. Add all theſe to 
the mean time, and you have the equated time of 
the con tio. gy” 
4. From tab. 8, with number A, take out the 
ſemiduration. And if number B equated, be leſs 
than 500, ſubtract ; if greater, add the ſemidura- 
tion; and you will have the time of immerſion, or 
emerſion, accordingly. | „ 
5. From tab, 7, take the equation of time, 


* 
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add to the mean time of immerſion or emerſion, 

gives the apparent time thereof at Paris. And ſub- 

tracting 9 20%, gives the time at London. 
N. B. In leap year, after February, take out for 


a day leſs. And when the numbers B and C exceed 
1000, reject 1000. | . 


Example, the ſame as before. 


* ; © 


| * B 8 
rinnt 3 2 2 | 236 | 78 
July| 1 7 5 44 152457 | 416. 
day (10 14 51 36] g| 28 | 24 
mean time 12 9 © 38] 163 | 721 | 518 
x equa.| 4 n 
2 equa 20 
3 equa. 28 45 E EDI 
4 qua. _ 1 
equat. time ji2 9 48 40 þ{ 
ſemidura. +1 4 2 | 
end. 12 10 53 2| 
eq. time +9 39] 
time at Paris|12 11 2 41| 
a EX: 
time at London 12 10 53 21 Emerſion, 


P R O B. XII. 
To find the longitude of a place. 
To find the difference of longitude of two places, 


or the difference of meridians, is an eſſential point 
both of geography and navigation. To perform 
which ſeveral methods have been propoſed, ſome 
more practicable than others ; but all of them de- 
pend upon aftronomical principles, and therefore I 


_— it a place here. The principal methods of 
ing it, I ſhall here lay down. | | 


1 Way, 


Sec. VI. E e I 11 


1 Way, by a Time Piece. | 
If a watch or time piece can be made to keep time 
exactly, ſuch a machine being ſet to the true time 
of the day in any one place, and carried to ano- 
ther place, it will ſtill ſhew the time at the firſt place. 
And therefore if the time can be known at. this ſe- 
cond place ; the difference of time, and therefore 
the difference of longitude, will be known, be- 
tween one place and the other. | 
Now to find the hour of the day at this ſecond 
place, two equal altitudes of the ſun muſt be taken 
the ſame day, and the exact times noted by the 
time keeper. Then the middle between theſe two 
times of obſervation, ſhows what hour it 1s at the 
firſt place, when it is 12 o'clock at the ſecond place. 
Conſequently the difference of time between the 
two places is known, which gives the difference of 
longitude allowing 15 deg. to an hour. If the 
time keeper be ſhort of 12 o'clock, at the middle 
time, the ſecond place hes eaſtward from the firſt. | 
But if the middle time be paſt 12, the ſecond place 
lies weſtward. A common watch being ſet to 12, 
when the time keeper is at the middle time; or, 
which is the ſame thing, if it be ſet ſo much paſt 
12, as the time keeper is paſt the middle time; it 
will continue to ſhew the time in that place. This 
method is adapted to the ſea. 
If ſuch a machine be exactly made, like Mr. 
Harriſon's time keeper ; it may do well enough for 
ſhort diſtances, but will be uſeleſs for long ones, 
for the following reaſons. 1. Heat and cold will 
have an effe& upon the ſprings, and conſequently 
will retard or accelerate the motion. 2. The toſ- 
: ſing of the ſhip at ſea will have an effect upon any 
moving machine, which will hinder it from going 
equally at all times. 3. Whatever may be the er- 
ror generated in a ſmall diſtance, or ſmall * ; 


ernie 
that error r vill be multiplied in a large diſtance and 
time, being proportional to the time; ſo that in 
long voyages it will be uſeleſs. 4. The immenſe 
price of ſuch a machine, when made to the utmoſt 
accuracy, will prevent its being generally uſeful. 


2 Way, by the Moon's diſtance from a Star. 


1. You muſt have an ephemeris ſhewing the 
moon' s right aſcenſion, declination, and horary mo- 
tion in right. 2 every day at noon, made 
for a certain place, as London. 

2. At any other place, when an obſervation can 
be had, the moon's diſtance from ſome known ſtar, 


mult be exactly taken with a good inſtrument, and 


at the ſame time, their altitudes or zenith diſtances. 

3. This apparent diftance of the moon and ſtar, 
muſt be reduced to the true diſtance, by Drop 17. 
Sect. VI. 

4. Then the difference of right aſcenſions of the 
moon and ſtar muſt be found (by Cor. 2. Prob. 35. 

Sect. II.). 
5. Then having the right aſcenſion of the ſtar 
from the aſtronomical tables, the right aſcenſion of 
the moon will be known; and conſequently (by 
the ephemeris) how much right aſcenſion ſhe has 
gained ſince noon. 

6. Then ſay, as the horary motion, to 1 hour : : 
ſo the difference of right aſcenſions, to the time 
from noon. 

7. This time reduced to degrees, gives the dif- 
ference of longitude, between the Place of obſer- 
vation and London. 

Note, In finding the difference of right aſcen- 
ſions (Art. 4.) the moon's declination at noon is 
made uſe of. But it may be corrected by Art. 6; 
and then the work repeated, for more matuek. | 
And the like for the horary motion. | 
I This method may equally be ho to the fun, 


. E LE 

as well as to a ſtar. The former way is uſed in the 

night; the latter in the day. _ * 
The occultation of a ſtar by the moon, or the 

appulſe of a ſtar to the moon, is but a particular 

caſe of this method. For at their firſt touching, 
the diſtance is equal to the moon's apparent ſemi- 

diameter, and is therefore known without meaſurin 
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There are ſeveral difficulties which attend this 


method, 1. The method is embarraſſed with ſo 
many difficult computatrons, that it is hardly to be 


performed at the time when wanted, beſides the 


danger of error. 2. The taking of an angle be- 


tween the _ _ a ſtar cannot be performed fo 
exactly as the requires; efpecially at ſea; 

where the motion of the thi : 
tempt. It has been objected, that the time of an 
eclipſe of a Satellite cannot be obſerved at ſea, by 
reaſon of the ſhip's motion; much leſs then, can 


ip fruſtrates any ſuch at- 


an angle be taken, which requires looking at two 


things at once. 3. No lunar tables extant can give 


the place of the moon true to 2, and there is no 


hopes of getting a perfect theory of the moon. So 


in the main, we never can be ſure we come within 


4! or 5, of the truth. 4. Since in a revolution of 


360 deg. the moon gains but 13* in right aſcenſion ;” 


therefore in 1 deg. ſhe gains but about 2!, a very 
ſmall matter, therefore upon this account, we can- 
not think to come nearer than 4* or 5. 5. In ta- 
king the altitudes, the horizon is ſo badly defined 
in the night, that they cannot be truly taken. 


3 Way, by having a Meridian. 
| Here one muſt have an ephemeris, ſhewing the 
time of the moon*s;ſouthing, every night, and their 


differences. And at the place propoſed a mert- 
dian muſt be found, by two altitudes of the ſun or 


| otherwiſe. Set a good watch to 12, when the ſun 


,0omes to the meridian ; and note the time when the 
; Cs mn 
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moon ſouths or comes to the meridian. Then ſay, 


as the difference of times (by the ephemeris), to the 


time by the watch : : ſo 3605 to the difference of 
longitude. This method is roper for the land. 
The difficulties in this e. are. 1. The dif- 
ficulty of drawing a meridian truly. 2. It ſuppoſes 
the watch to go truly all the while, which ſeldom 
happens. But this error may be rectified, by ob- 
ſerving the watch, when the ſun is upon the me- 
ridian next day, to ſee what it gains or loſes, and 
allow proportionally, for the time of the moon's 


. 3. It ſuppoſes the moon moves equally 


every hour, whic 1 does not. And this may 
be partly remedied, by comparing the differences 


between one day and another, and augmenting or 


* the time by the watch, accordingly. 


4 Way, by the Moon's eclipſe. 


Let the middle time of a lunar eclipſe, be ob- 
ſerved ; in two different places, according to the di- 


rections in Prob. X. Then the difference of the 


times, reduced to degrees, at 15? to an hour, will 
give. the difference of longitude of the two places; 
and the place where the eclipſe was lateſt ſeen, is 
to the eaſtward of the other. 

The difficulties here are, 1. The exact time of the 
ſhadow, touching any noted place upon the moon, 
cannot be truly known, by reaſon of the penumbra; 
being as dark as the ſhadow, where it borders upon 
it. 2. It is hard to have a clock adjuſted to true 


time, in every place, where the longitude is re- 


quired. 


The longitude cannot fo. eakily be found by a ſo- 
lar eclipſe, but requires a deal of calculation. 


5 Way, by the Ecliꝑſes of Jupiter's firſt Satellite. 


Here a table muſt be made, (by Prob. XI.) of 
the eclipſes of N s firſt Satellite, and the 5 
when 


Sect. I. E E ET 
when they happen at any noted place, as London. 
Then if the time of the eclipſe be obſerved at any 
other place, by a teleſcope; and this time of im- 
merſion or emerſion be compared with the table; 
you will have the difference of the times; which 
turned into degrees, at 15? to an hour, gives the 
difference of longitude; which is eaſt if it happen 
ſooner, or weſt if later. This method is very pro- 
per for the ſea. | 
The greateſt defect of this method, is the errors 
of the tables, which do not give the times truly, 
ſometimes to 2 or 3 minutes of time. 


lj Scnolivm 
The length and difficulty of the computations 


* 


made uſe of in regard to the moon, render theſe 


methods very inconimodious for finding the longi- 
tude; and the uncertainty of ſome elements concern- 
ed therein, make the. operations doubtful. It is 
true, there is occaſion for nothing but mere obſer- 


vation in lunar eclipſes for _— the longitude, 


but the uncertainty of the time of beginning, &c. 
will introduce an error. Of all methods, the e- 


clipſes of the Satellites of Jupiter are the moſt 
proper means for finding the longitude ; for that 


way requires no trouble, no intricate calculations. 
The whole buſineſs depends on this, to have a true 
theory of theſe Satellites, at leaſt of the firſt of them; 
but which is ſurprizing, no body turns their thoughts 


that way. It is true, it requires a great deal of 


time, and a great number of obſervations to ſettle 


the theory; but when that is done it will ſuffici- 


ciently recompence the trouble. For if we had but 
correct tables of this ſingle Satellite, we ſnould be 
enabled to calculate the exact time of the eclipſes; 
and if this could be truly done, it would abſolutely 
be the beſt method for finding the longitude, either 
at land or ſea, that ever was thought of. If this 

a 1, | method 
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r 
method cannot be put in practice at ſea, much leſs 
can any other methods, ſince they all require more 
attention and more ſteadineſs, than this does, where 
a man has nothing to do but look thro' a tube, at 
a certain object, till the obſervation be over, which 
need not be very long. | . 

J have ſhewn in Cor. 3. Prop. 20. Sect. VI. 
That there are ſeveral irregularities that affect the 


moon, that quite vaniſn in this Satellite; from whence 


one would think it would be no hard matter to eſ- 
tabliſh the elements of ite motion. Yet there is 
ſome difficulty in this, by reaſon of its great diſ- 
tance. As ſuppoſe we want to find the excentri- 
city of its orbit, and the poſition of the apſides, 
the greateſt elongation of the Satellite from Jupiter 
is 112”, and if its orbit was ſimilar to the moon's, 
then the excentricity would be n of its mean diſ- 
tance, which would only amount to 5 or 6 ſeconds; 
but how difficult is this to obſerve exactly? And 


yet the greateſt part of its irregular motion de- 


nds upon its excentricity. It would not be fo 


difficult to find the place of the node, and eaſier {till 


to find the inclination of its orbit. I am perſuaded, 
that all theſe difficulties may be ſurmounted, by di- 
ligent obſervations made at all proper opportuni- 
ties, and in all poſitions of the ſun, the earth, and 
Jupiter ; and then reaſoning duly from the phe- 


nomena, by comparing them with the moon's mo- 


tions. Bythis means we ſhould art laſt gain all the 


elements of its motion; and he able to conſtruct ta- 
bles not only for the time of the eclipſes, but of its 
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